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Abstract 
 
 
Cypermethrin is a highly active synthetic pyrethroid insecticide effective 
against a wide range of pests in agriculture, public health, and animal 
husbandry.  It is also used in forestry to control the pine weevil, Hylobius 
abietis which can cause significant economic damage to timber production.  
 
Cypermethrin is very toxic to aquatic invertebrates and fish at nanogram per 
litre concentrations. Restocked conifer plantations can be sprayed with 
cypermethrin using hand held applicators.  A few pollution incidents have 
been linked to forestry use of cypermethrin in the UK and Germany but the 
low number is thought to be testament to the forest industries’ strict controls 
over the application and management of the chemical.  However, as with any 
hazardous substance there is the potential for damage to the aquatic 
environment.  This project checks the effectiveness of current best practice 
measures in minimising the risk of pollution associated with the use of 
cypermethrin in forestry in Wales. 
 
The investigation involved: 
(a) an extensive survey of 51 sites across Wales to detect if cypermethrin 
was present in watercourses draining areas where there had been 
recent application of the pesticide, and whether there was any 
evidence of an impact on the stream invertebrate community and 
(b) 8 intensive studies involving forest plots selected on the basis of their 
higher risk of causing pollution.  This could establish if current 
guidelines on the use of cypermethrin in forestry are sufficient to 
prevent the pesticide from entering watercourses. 
 
Chemical results from the intensive studies show that cypermethrin entered 
minor watercourses draining treated areas at two of the eight sites.  In one of 
these cases the level was well in excess of the short-term Predicted No Effect 
Concentration.  The absence of a buffer area at the other site resulted in the 
cypermethrin reaching a main drain.  However dilution appeared to be 
sufficient to prevent any impact on water quality or on the invertebrate 
community in the main stream. 
 
Invertebrate and chemical data from the extensive survey showed little 
evidence of pollution due to wider use of cypermethrin in Welsh forestry.  A 
delay between spraying and sample collection for many survey sites 
increased the chance of short-term impacts being missed.  This reduced the 
level of confidence in any conclusions drawn. 
 
A number of recommendations are made for further tightening controls on  
forestry practice to minimise the risk of cypermethrin entering the aquatic 
environment.  These include:-  
(i) ensuring that cultivation and drainage channels in areas to be 
sprayed discharge to a buffer area and not directly into 
watercourses;  
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(ii) extending buffer areas to protect boggy source areas and flushes 
that form stream sources, even if dry at the time of the pesticide 
application;  
(iii) improved training and information on identifying high risk sites and 
delineating effective buffer areas;  
(iv) ensuring that the extreme toxicity of cypermethrin and the threat 
posed to the freshwater environment is highlighted to operators. 
 
The study supports the continued efforts by the forest industry to develop 
alternative, non-chemical methods of pest control to further reduce 
cypermethrin use in forestry. 
 
 
 
Keywords: cypermethrin, pollution, invertebrates, forestry, pesticide. 
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1. Introduction 
 
 
1.1 Cypermethrin  
 
Cypermethrin is a synthetic pyrethroid insecticide related to pyrethrum, a 
natural compound derived from plants of the chrysanthemum genus (Figure 
1.1).  It is one of the most widely used insecticides in the UK and used 
extensively across Europe.  Data on pesticides used in the UK show that 
cypermethrin is extensively used, having been applied to 1,738,000ha of 
arable land in 2006 (DEFRA [online] 2008). 
 
Cypermethrin has been shown to be extremely toxic to aquatic life even at 
very low concentrations with less than 1µg l-1 often causing toxic effects 
(Siegfried, 1993).  Siegfried (1993) found that 9 parts per trillion (9 ng l-1) was 
enough to kill Gammarus pulex (freshwater shrimp).  This is the equivalent of 
one drop of cypermethrin in 30 Olympic sized swimming pools.  Stephenson 
(1982) demonstrated the acute toxicity of cypermethrin to a range of 
invertebrates and determined that the most sensitive had 24-h LC50 values of 
50 µg l-1.  
 
Siegfried (1993) suggested that aquatic invertebrates are more susceptible to 
cypermethrin than terrestrial insects due to its low solubility and its affinity to 
absorb to organic material.  A number of studies show that major groups of 
aquatic invertebrates such as Plecoptera (stoneflies), Ephemeroptera 
(mayflies) and Amphipoda (shrimps) are particularly susceptible to 
cypermethrin (Anderson, 1982; Mian and Mulla, 1992).  Exposure to sub- 
lethal concentrations of  pyrethroid insecticides have also been shown to have 
the potential to limit the growth of salmonid fish and the size of  their  
populations (Baldwin et al., 2009).  As a result of its high toxicity, the Water 
Framework Directive establishes strict Environmental Quality Standards for 
cypermethrin of 0.1 ng l-1 as a long-term PNEC (Predicted No Effect 
Concentration) and 0.4 ng l-1 as a short term PNEC (Environment Agency 
2007. 
 
 
 
 
  
 
 
Figure 
1.1 – 
Chemic
al 
structure of cypermethrin (Jones, 1995) 
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Commercial conifer forestry accounts for 6.7% of the total land area in Wales 
(EAW, 2002) and is drained by hundreds of kilometres of rivers and streams.  
These forest areas are principally managed by the publicly owned Forestry 
Commission Wales (FCW) and the private forestry company, UPM Tilhill.  
Cypermethrin is widely used in forestry to prevent attack on restocked 
conifers by the pine weevil Hylobius abietis (Figure 1.2) and the bark beetle 
(Hylastes spp).  Young trees planted soon after the felling of the previous tree 
crop are vulnerable to attack because of the presence of potentially large 
numbers of weevils in the remains of felled timber.  Without an adequate 
control method, damage to the forest industry would approximate to £5 million 
per year in the UK.  There would also be longer-term implications for 
maintaining timber production, landscape quality, carbon sequestration and 
slope stability. 
 
1.2 The threat to forestry from insect pests 
 
 
Figure 1.2 – Pine weevil (Hylobius abietis) feeding on Sitka spruce 
showing damage to stem (FC, 2004) 
 
 
1.3 Legal status of cypermethrin use 
 
Two forms of cypermethrin are accepted as safe to use in forestry under EC 
Directive 91/414 (The Plant Protection Products Directive).  This lays down 
the rules and procedures to be followed for each.  These are alpha-
cypermethrin, which is used for pre-planting treatment by means of the 
electrodyne process, and zeta-cypermethrin which is used for top-up 
spraying.  They have ‘Annex 1’ listing and can in theory be used in pesticide 
products registered throughout Europe.  Pesticide use in the UK is subject to 
stringent government controls through the Pesticides Safety Directorate 
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(PSD).  They report to the Department of the Environment Fisheries and Rural 
Affairs - and the Health and Safety Executive.  After consultation with both of 
these organisations and detailed scientific scrutiny of safety data, the 
application for forest use in the UK was accepted.  There is an on-label 
approval for the alpha-cypermethrin product Alpha C6ED to treat trees prior to 
planting using the electrodyne process.  There is also specific off-label 
approval for Contest.  This is an alternative alpha-cypermethrin product for 
use in pre-planting, or post-planting as a top-up spray.  The UK forest sector 
does not generally use Contest as a top-up spray and it is not used in the top-
up spray programme in the Assembly Government Woodland Estate (AGWE) 
and UPM Tillhill managed properties.  There is also on-label approval for the 
cypermethrin based product Forester (zeta-cypermethrin) for use in forests as 
a top-up post-planting spray treatment and this is used in AGWE and UPM 
Tilhill forests. 
 
1.4 Other constraints on use 
Both alpha-cypermethrin and zeta-cypermethrin are on the 'highly hazardous 
chemical' list of the Forestry Stewardship Council (FSC).  This has no legal 
status but it does mean that both chemicals cannot be used in any forest 
subscribing to voluntary certification under FSC in the UK via the UK 
Woodland Assurance Standard.  The Forestry Commission, along with a 
number of private sector growers and UK Woodland Assurance Standard 
(UKWAS) group schemes, have applied for and been granted derogation from 
the FSC to use alpha-cypermethrin and zeta-cypermethrin until 2014. 
 
Over and above the environmental controls required by the PSD, the forest 
industry voluntarily follows additional strict guidance relating to the use of 
pesticides near water through the Forests & Water Guidelines, 4th Edition 
(Forestry Commission 2003).  The Environment Agency (EA) Pollution 
Reduction Plan for cypermethrin notes that the ongoing revision of the 
Guidelines is an opportunity to incorporate any additional best practice 
measures that might be warranted to minimise the risk to the water 
environment. 
 
1.5 Control measures used on the Assembly Government 
Woodland Estate 
1.5.1 Alpha-cypermethrin (Alpha C 6ED) 
The pre-treatment of trees in the nursery reduces the need for an initial field 
application to planted seedlings.  Treatment is delivered through self-
contained equipment to remove the risk associated with spillage or direct run-
off of pesticide.  The equipment used to apply Alpha C 6ED treats the 
vulnerable zone of the transplant stem extending 15 cm upwards from the root 
collar.  FCW has its own electrodyne treatment facility at Maesnewyddion 
(near Betws-y-coed, Conwy) which delivers the same benefits as nursery 
treated stock. 
 
 
 9
An evaluation of the impact of cypermethrin use in forestry on Welsh streams 
September 2010 
1.5.2 Zeta - Cypermethrin (Forester) 
For top-up spraying a targeted, measured dose of Forester (often with the use 
of dyes) is applied by an operator using a knap-sack sprayer.  Managers and 
contractors are well trained and with effect from 1 April 2010, all contractors 
must have attained the NPTC certificate PA1 (previously there had to be at 
least one person on site with this certificate). 
 
There are also strict guidelines that contractors are obliged to meet.  Many of 
these are summarised in the AFAG guides 103 and 202.  They cover personal 
protective equipment, waste disposal, storage of treated plants and spraying 
operations. 
 
In addition, contract managers and contractors are obliged to follow the 
guidelines contained within the COSHH assessments for alpha cypermethrin.  
These guidelines cover general control measures, including leaving an 
untreated exclusion zone around watercourses (currently 20 metres wide). 
 
The top-up spraying programme within the AGWE is subject to a strict 'need 
only' basis.  FCW managers determine the need for top-up spraying by 
physical inspections on site or by monitoring beetle population levels through 
a Management Support System - Hylobius MSS (Forest Research 2010a).  
The Hylobius MSS is based on known risk factors and predictive modelling 
supported by monitoring.  Managers are directed to prescribe chemical 
treatment only where absolutely necessary. 
1.5.3 Use of alternatives 
Forest managers in the UK are expected to adopt integrated forest 
management (Forest Research 2010b) approaches to reduce chemical usage 
and non-chemical strategies that afford protection against Hylobius where 
these are dependable and cost-effective.  There are two main strategies that 
are known to reduce damage on upland sites: 
 
• Delay restocking for more than five years to limit the beetle numbers on 
site and predict the dynamics between ‘source’ clear-fells and newly 
felled ‘sink’ clear-fells.  
 
• Treat sites with a biological control agent (Forest Research 2010c).  
There is a programme in Wales aimed at a gradual reduction of H. 
abietis populations through the use of parasitic nematodes in 
consecutive felling cycles within whole forest blocks. The key is to 
reduce the source populations that constitute the pool of weevils for 
migration to adjacent clear-fell.  In FCW, the use of nematodes has 
progressed from the research phase.  This started in 2005 and 
included 29.8 ha, to the full-scale operational level, amounting to 174.1 
ha in 2009 (15.1% of the FCW restocking programme).  Further 
research will focus on evaluating the success of large-scale nematode 
application, and the treatment of small-scale coupes and those on 
steep ground. 
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Neither strategy offers a complete replacement for chemical protection 
because site constraints mean that they will not always represent the most 
sustainable option or the least risk.  For example leaving some sites fallow for 
five years may result in additional herbicide applications to control weed 
growth, which poses its own risks to the environment.  There are also issues 
over operator health and safety while a proportion of sites will be unsuitable 
for nematode treatment.  Other physical protection methods using plastic 
collars and netting around transplants has been tried in several locations but 
found to be unreliable. 
1.6 Control measures used by UPM Tillhill 
The prescription for UPM Tilhill managed properties and the Private Sector in 
general within Wales differs in some respects from those carried out by the 
AGWE managers.  The principal difference is that private companies do not 
normally leave a fallow period before restocking.  They prefer to replant at the 
earliest opportunity after clear-felling.  This maximises timber production and 
minimises the need for use of herbicides to control competing vegetation.  It 
also removes the need for future cleaning operations to remove woody 
vegetation in the early years of a rotation.  Depending on the site conditions 
early restocking can reduce ground preparation costs but dealing with fresh 
brash can be a problem.  Freshly felled sites pose a trip hazard to operatives 
during planting and top-up spraying operations unless the ground is prepared 
beforehand. 
 
The Management Support System (Hylobius MSS) is used on some 
properties managed by UPM Tilhill to indicate the need for top spraying.  Its 
use is not universal and largely continues on a trial basis to enable managers 
to build confidence in its ability to predict levels of damage.  On properties 
where there has been evidence of earlier infestation of weevil then 
prophylactic top-up spraying is carried out as a preventative measure.  If top-
up spraying only occurred once damage had been sustained then there would 
be an insufficient window of opportunity to top-up spray all affected areas.  
Top-up spraying is only carried out when conditions are favourable.  This 
further restricts the window for application. Prophylactic spraying is normally 
carried out 3 times over 2 years after planting with stock that has received 
electrodyne treatment in the nursery. 
 
The complex ownership patterns in Private Sector Forestry make use of 
biological control methods using nematodes less cost-effective.  This is 
because large privately owned forestry blocks can be owned by various 
parties and managed by different management companies.  The application of 
nematodes within a forest complex is likely to benefit future felling rather than 
the owner currently trying to establish a new crop.  UPM Tilhill has undertaken 
nematode applications in Scotland and if they prove successful then it 
remains a potential treatment for suitable sites in Wales. 
 
Low Impact Silvicultural Systems (LISS) as an alternative to clear felling have 
not been taken up by the Private Sector to the same extent as on AGWE.  As 
a result the need to control Hylobius is likely to be an essential requirement 
for the foreseeable future. 
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1.7 Forest policy context 
‘Woodlands for Wales’, the Welsh Assembly Government makes a number of 
commitments.  This includes bringing more woodland into management, 
expand woodland cover and increasing the resilience of Welsh woodlands 
and trees so that they deliver more benefit to the public (National Assembly 
for Wales, 2009). It makes specific commitment to three management 
strategies which will further reduce the risk posed to Welsh woodlands from 
Hylobius and hence a reduced need for chemical control: 
a) A reduction in the reliance on clear-felling systems and increasing the use 
of natural processes as the basis of stand management;  
b) The use of a wider range of tree species and genetic material within a 
species; and, 
c) The acceptance of natural colonisation and regeneration, and planting of a 
wider range of tree species in Wales. 
 
1.8 Risk to the environment 
Despite the legal constraints and good practice in place which govern the use 
of cypermethrin in forestry, the highly toxic nature of the chemical means that 
there may be some residual risk to the environment. 
 
Restocked conifers are usually given a prior treatment whereby alpha-
cypermethrin is fixed onto the trees using the electrodyne process.  Due to the 
strength with which the pesticide is bound by this process, the risk of polluted 
run-off from planted seedlings is considered very low.  However, in both the 
first and second year after planting additional treatments are often required to 
prevent attack by weevils.  If left untreated weevil attack results in an average 
50% loss of trees representing a significant financial loss to forestry managers 
(FC [online] 2009).  In some cases losses of up to 90% have been observed.  
In order to mitigate this problem, areas of newly restocked trees are inspected 
periodically during the warmer months to assess emergence rates of adult 
weevils.  If deemed at high risk, young conifers are then sprayed with a 
cypermethrin solution using spot sprayers.  Spraying activities are timed to 
match with peak emergence periods of adult weevils from spring to late 
summer.  
 
The application of cypermethrin using knapsack sprayers (Figure 1.3) 
presents a potential risk of it becoming mobile and running off into adjacent 
streams.  Juntunen and Kitunen (2005) found that this risk was greatest in the 
first three days after spraying.  Also, it can enter directly as spray drift if 
sufficient buffer zones are not defined around watercourses prior to spraying.  
Spillage of the pesticide can occur during spraying activities or mixing of spray 
solutions.  Another potential source of contamination is the washing of 
equipment used for spraying in watercourses afterwards, although Forests & 
Water Guidelines (FC, 2003) strictly prohibit this in the UK.  Cypermethrin can 
also enter watercourses indirectly via surface runoff if spraying is carried out 
just before or during heavy rainfall.  
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Figure 1.3 – Application of pesticides using hand-held equipment 
(Forestry Commission) 
 
Due to its high toxicity to invertebrates and fish, there is a high risk of pollution 
incidents if cypermethrin enters watercourses.  The risk of this happening, if 
not managed and applied correctly, is particularly high in Wales due to its 
topographic and climatic characteristics.  Wales has a predominantly wet 
climate with rainfall in most forestry areas ranging from 1000-3000mm per 
year (Met Office, 2009).  The upland areas of Wales, where proportionately 
more forestry is located, are generally exposed to the most extreme weather 
conditions.  Commercial forestry activities can be carried out on slopes of 
more than 35° (Table 3.1).  This can increase the risk of mobilised 
cypermethrin entering river systems.  Chapman & Cole (1982) and Al-
Mughrabi et al. (1992) have shown that the rate of degradation by hydrolysis 
is reduced in low pH waters characteristic of upland Wales which might further 
increase the risk to invertebrates. 
 
Despite this there have been few recorded cases of pollution by top-up 
spraying of cypermethrin in forestry.  One non-confirmed pollution incident 
occurred on the Afon Brefi, south Wales, in 2007.  In this case, a biological 
survey of the Afon Brefi revealed that several key invertebrates which should 
have been present were absent and dead specimens of sensitive species 
were found close to the suspected source.  Further investigations showed that 
a small tributary stream draining a recently sprayed plot was polluted with a 
form of cypermethrin which was consistent with the zeta-cypermethrin type 
used for top-up spraying against Hylobius.  As a result this was classified as a 
Category 1 pollution incident.  This is the most serious category.  However the 
suspected link between top-up spraying and invertebrate loss was not entirely 
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proven because chemical analysis of moss samples indicated that forms of 
cypermethrin were present which appeared inconsistent with the supposed 
source. 
 
Another more extreme event occurred in Germany in 1986 (Zwick, 1992).  In 
this case, workers washed their boots and gloves in an adjacent watercourse 
after spraying, resulting in cypermethrin concentrations of 91 and 26.5μg l-1 1 
km downstream of where it was introduced.  The consequences for the 
invertebrate community were devastating.  Prior to the incident the stream 
contained an abundance of invertebrates whereas a few days after the 
incident they were absent for a distance of almost 3 km downstream.  A 
complete switch of community resulted with a shift to an algae dominated 
system due to reduced grazing pressure by invertebrates.  The paper refers to 
several other pollution incidents within forested areas in the Hesse region of 
Germany which are suspected to be due to runoff of cypermethrin associated 
with its use in forestry. 
 
Research on the effects of cypermethrin on the ecology of watercourses is 
limited considering its widespread usage.  According to manufacturers of 
cypermethrin products, the pollution incident in Germany was an isolated 
case.  However, due to cypermethrin’s fast acting effects and relatively rapid 
degradation - measurements of half-life of the order of weeks - (Kidd and 
James, 1991; Lutnicka et al., 1999) it can be very difficult to detect 
cypermethrin pollution.  The locations where cypermethrin is used in forestry 
are also often very remote so ecological impacts are less likely to be 
observed.  As a consequence the effects of this highly toxic chemical may be 
far more widespread. 
 
If cypermethrin is entering watercourses as a result of forestry practices, its 
high toxicity to invertebrates and fish might be a factor in causing the 
ecological impoverishment of upland watercourses.  Due to their small size 
they are particularly vulnerable to pollution as dilution is low.  This could have 
a number of implications for the UK and Europe where cypermethrin use is 
widespread.  These small watercourses support specialised invertebrate 
communities and can contribute up to 20% of the species richness in a river 
catchment (Wright et al., 2000).  They are also highly valued habitats as they 
are ecologically isolated refugia which have a high conservation value and are 
of importance to breeding salmonids and juvenile fish.  The quality of 
freshwater salmonid fisheries in Wales are important for recreation and 
tourism and hence of important economic value.  The intrinsic value of these 
watercourses also needs to be preserved. 
 
The Water Framework Directive (WFD) is an important piece of European 
Legislation which came into force in December 2000 (WFD, 2009).  Outlined 
within this legislation is a requirement that all watercourses within European 
member states should be of ‘good’ ecological status by 2015.  European 
Union (EU) member states which have not achieved this requirement on this 
timescale or cannot show that best efforts have been made to solve existing 
problems, will face considerable economic sanctions.  Over 65% of rivers in 
Wales are currently below ‘good’ ecological status (WFD, 2008).  In many 
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cases this is thought to be due to pollution but the underlying causes are often 
unknown.  Environmental regulators and enforcers such as the EA face a 
considerable challenge in identifying and mitigating pollution problems.  There 
is a need to determine whether cypermethrin use in forestry is contributing to 
pollution and presenting a significant challenge to achieving the goals of the 
WFD.  If so changes in best practices will be required to reduce the risk of 
pollution. 
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2. Aims and Objectives 
 
The investigation had four key objectives: 
 
1. To assess the extent of any surface water pollution from forestry use of 
cypermethrin in Wales. 
2. To assess the degree of any impact on the invertebrate communities of 
watercourses draining forestry areas. 
3. In the event of pollution being detected to establish how cypermethrin 
came to enter watercourses. 
4. To recommend any appropriate changes in forestry management 
practices which could be made in order to reduce the risk of 
cypermethrin pollution  
 
An extensive survey was designed to achieve objectives 1 and 2. Objectives 3 
and 4 were implemented through intensive studies. 
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3. Study Area 
 
3.1 Intensive Study Design 
 
Detailed investigations were carried out at eight sites across Wales (Figure 
3.1) in order to determine whether best practice in forestry management 
provides adequate protection to watercourses from cypermethrin use.  Six of 
these plots were owned by Forestry Commission Wales (FCW) while the 
other two were managed by UPM Tilhill, a private company.  Forest Research 
worked with UPM Tilhill and FCW staff  to identify large clear felled areas that 
were restocked with conifers where spraying was going to be carried out in 
2009.  Here the terrain, soil type and other site factors meant that there was a 
higher than normal risk of surface water pollution by cypermethrin.  At 6 of the 
plots Forest Research staff worked with local forest operators and contractors 
to ensure that best practice was followed in spraying operations and 
documented site characteristics and working methods.  Unfortunately, due to 
time restrictions Forest Research were unable to monitor spraying at Bryn 
Moel and Glasgwm. 
 
 
 
Glasgwm 
Rhyd Wen 
Llyn Fach 
Nant Boeth 
Bryn Moel 
Einion 
Clywedog Plot A 
Clywedog Plot B 
Figure 3.1 – Map showing locations of intensive study plots in Wales. EA 
operational areas are shown in blue. 
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The specific details of the eight plots identified are given in Table 3.1. 
 
Table 3.1 – Plot name, NGR (National Grid Reference), area/average 
slope, ownership and spraying date for intensive survey. 
Plot name  
NGR plot 
centre 
Plot 
Area  
(ha) 
Average 
slope Ownership 
Spraying 
date 
Llyn Fach  SN 909 042 19 .0  10° FCW 03.06.09 
Nant Boeth  SS 888 977 12.2   5° FCW 04.06.09 
Clywedog Plot A SN 656 499 10.3   4° FCW 28.05.09 
Clywedog Plot B SN 654 482 10.5   2° FCW 28.05.09 
Bryn Moel SN 701 529 10 .0 2° UPM Tilhill 15.09.09 
Glasgwm SH 753 496 unknown unknown FCW 21.05.09 
Rhyd Wen  SH 931 279  10.0 30° UPM Tilhill 01.06.09 
Einion SN 734 929 11.5  35° FCW 29.05.09 
 
3.2 Extensive Survey Design 
 
Information was obtained from FCW and UPM Tilhill on the exact locations of 
sites to be sprayed with cypermethrin and timings of spraying activities during 
2009.  Resources were insufficient to sample the large number of sites 
sprayed so sites were prioritised for sampling according to the potential risk of 
pollution.  The main features used in the prioritisation process were plot size 
(preference for large plots), the steepness (preference for steep slopes) and 
the proximity of watercourses (preference for plots in close proximity to 
watercourses).  A number of plots were excluded due to difficult access.  
 
A total of 51 plots across Wales were included in this study, of which 31 were 
managed by FCW and 20 by UPM Tilhill (Figure 3.2) 
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Figure 3.2 – Map showing locations of extensive study plots in Wales. 
EAW regional areas are shown in blue. 
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4. Methodology 
4.1 Intensive Survey 
The collection of invertebrate data has significant advantages over chemical 
and physical information since it provides an indication of the longer term 
effects of pollution on the ecology of a watercourse (Abel, 1996).  Due to the 
relatively sedentary nature of invertebrates they can also be used in spatial 
analyses.  Standard 3 minute kick sample methodology was used for 
collection and analysis of invertebrate samples (EA, 2009; Malcolm and 
Drake, 2006; Furse et al., 1981) using a net with a 25 cm square frame, 1mm 
mesh net and 500 mm bag depth.  Invertebrate samples were then preserved 
in Industrial Methylated Spirits (IMS) and subsequently processed in the 
laboratory.  Invertebrates were identified to family level and actual abundance  
recorded.  All invertebrates assessed in this study were macro invertebrates. 
These are any freshwater invertebrate larger than the 1 mm mesh size of a 
standard sampling net. 
 
Biological Monitoring Working Party (BMWP) (Hawkes, 1997) score and 
number of BMWP scoring taxa were calculated for each sample.  These 
indices are commonly used to compare invertebrate communities between 
sites.  The score was designed to assess organic pollution but has 
nevertheless been demonstrated to be a good indicator of different forms of 
pollution (Hawkes, 1997). 
 
From a prediction of the biological community to be expected at a site in an 
undamaged state, it is possible to assess the extent of pollution at a site by 
comparing the predicted with the observed community.  The software 
programme RIVPACS (River InVertebrate Prediction And Classification 
System) uses a number of environmental variables taken in the field to predict 
the invertebrate community that would be expected at a site in the absence of 
environmental stress (Wright, 2000).  RIVPACS predicts the expected fauna 
at a site using a model based upon data from 614 unpolluted reference sites 
from around England, Scotland and Wales with high ecological and chemical 
quality.  These reference sites were categorised into 35 groups sharing similar 
invertebrate communities.  When predicting expected fauna, RIVPACS 
assigns a site to one or more of these reference groups using environmental 
characteristics.  This predicts the probability of group membership.  It then 
lists the families expected to be present in a sample along with their expected 
probabilities of occurrence.  The programme estimates the biotic indices by 
generating 1000 theoretical samples based on the probability of occurrence of 
the families using a Monte Carlo simulation.  This generates a mean Average 
Score Per Taxon (ASPT) and number of taxa (N-taxa) with 95% confidence 
limits.  BMWP scores were calculated from these. 
 
Comparison of the expected (predicted) data and the observed (sample) data 
can be used to assess the extent to which a site is under environmental 
stress.  The observed sample is corrected for bias i.e. two taxa assumed to be 
missed (on average) in analysis, are added. Ecological Quality Indices (EQIs) 
are used by the EA to determine the extent to which a site is affected by 
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pollution or other factors.  These can be calculated by dividing observed 
values by expected values of N-taxa and ASPT.  The EQIs are then used to 
categorise sites into a series of bands according to the Environment Agency’s 
General Quality Assessment (GQA).  The bands range from A (very good) to 
F (bad).  RIVPACS also uses an assessment based on the abundances of 
observed families compared with those expected, called the Q14 index.  
Under this method, if a site scores less than 34 then it indicates that the site is 
under environmental stress.  RIVPACS also contains an application whereby 
two samples can be statistically compared.  This allows control and 
downstream sites to be compared to look for statistical differences between 
communities. 
 
The use of RIVPACS software allows sound statistical analysis of samples by 
generating 1000 theoretical samples from the environmental data taken on 
site (bed width/depth and substrate composition), effectively eliminating the 
need for replicate samples.  This is very useful in reducing sampling effort and 
allows scientific analysis of data in small streams where replicate samples are 
impractical. 
 
Monitoring at each of the eight sites included a minimum of three invertebrate 
samples per plot. This included, where possible,  
• one control upstream of the plot or a nearby stream of similar 
characteristics away from the sprayed area,  
• one immediately downstream of contamination sources and  
• one further downstream to assess the extent of any damage.  
Where possible at each plot samples were taken once prior to spraying, once 
as soon as possible after the first significant rainfall post spraying and once 
several weeks later to assess longer terms affects (Table 4.1). 
 
Table 4.1 – Sampling times in relation to spray date for each of the 
intensive plots (data was only collected immediately before and after spraying at 
Brynmoel due to inaccurate information on the spraying dates). 
Plot Name Pre-spray 
sample 
date 
Spray 
date 
1st post 
sample 
1st sample 
delay 
(days) 
2nd post 
sample 
2nd sample 
delay 
(days) 
Llyn Fach 15.04.09 03.06.09 11.06.09 8 28.07.09 55 
Nant Boeth 17.04.09 04.06.09 17.06.09 13 27.07.09 53 
Clywedog A 23.04.09 28.05.09 10.06.09 12 06.08.09 68 
Clywedog B 23.04.09 28.05.09 10.06.09 12 06.08.09 68 
Bryn Moel 11.09.09 15.09.09 05.10.09 20 Not done Not done 
Glasgwm 30.04.09 21.05.09 22.06.09 32 17.08.09 88 
Rhyd Wen 27.04.09 01.06.09 15.06.09 14 18.08.09 63 
Einion 28.04.09 29.05.09 23.06.09 24 11.08.09 72 
 
Cypermethrin is highly hydrophobic and has a very low solubility in water.  
This combined with a high lipo-affinity means it has a strong tendency to 
adsorb to aquatic plants such as bryophytes – mosses and liverworts (EA, 
2007).  As a result cypermethrin residues may be found in bryophyte samples 
some time after the bulk of the pesticide has been flushed out of the water 
column.  During the Welsh Sheep Dip Monitoring Programme (EAW, 2006) it 
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was shown that cypermethrin residues could be found in bryophyte samples 
several weeks after pollution events.  However, this time could vary 
considerably with half lives ranging between 5-31 days between 15-19°C 
(Kidd and James, 1991; Lutnicka et al., 1999). 
 
Using methods developed during the Welsh Sheep Dip Surveys (EAW, 2008) 
bryophyte samples were taken at each of the invertebrate sites as well as 
additional samples from ditches or wet-weather rivulets.  These samples help 
to pinpoint how cypermethrin might enter watercourses.  It was important to 
ensure that the samples were taken from areas of the stream bed which 
would be submerged even at low water conditions.  Disposable nitrile gloves 
were used each time to ensure no cross contamination between samples.  
 
Bryophyte samples were then sent to the Environment Agency National 
Laboratory Service for extraction and analysis of cypermethrin pesticides by 
Gas Chromatography Mass Spectrometry (GCMS).  In this methodology a 
labelled internal standard which is representative of the compounds was 
added to the sample.  The sample was then dried using Hydromatrix and 
extracted by means of an accelerated solvent extraction system employing 
acetone/dichloromethane as the extraction solvent.  The extract was solvent 
exchanged into hexane, reduced in volume and cleaned up using florisil 
adsorption chromatography.  An aliquot of the extract was then injected onto a 
gas chromatograph where the compounds of interest were separated on a 
capillary column.  The eluate from the column was analysed by a mass 
spectrometer operating in negative chemical ionisation mode for the 
cypermethrin compounds. 
 
Figure 4.1 – Output from Gas Chromatography Mass Spectrometry for 
high-cis cypermethrin used in sheep dip (left) and a trans rich form 
similar to the zeta cypermethrin used in forestry (right). 
 
This method allows cypermethrin concentrations to be assessed in water 
samples in the concentration range from 0.002 – 50 µg l-1 for water samples.  
The upper limit may be extended by dilution of the final extract.  The minimum 
detection limit for moss samples is 1 µg kg-1.  GCMS allows the different 
forms of cypermethrin to be distinguished from one another.  As shown in 
Figure 4.1 the different forms of cypermethrin can be distinguished by 
differences in the proportion of cis and trans isomers in the traces produced.  
High cis cypermethrin, which has been used in sheep dip formulations, 
typically contains around 80% cis and 20% trans isomers.  This gives much 
higher cis peaks under analysis than trans peaks.  A typical arable formulation 
has 60% cis and 40% trans giving much higher trans peaks relative to cis. 
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 The formulation of Forester is quite similar to this being relatively rich in trans.  
Alpha-cypermethrin used in both forestry and in pour-on sheep dips is easily 
recognised by the lack of trans peaks.  For every sample analysed for 
cypermethrin, the trace was examined using these principles to determine the 
specific form of cypermethrin present.  This allows the types of cypermethrin 
used in forestry (alpha and zeta) to be positively identified and to eliminate 
possible contamination sources such as sheep dip. 
 
In addition to the bryophytes, FCW suggested taking water samples at half 
the plots for the intensive survey.  They were taken manually using 1 litre 
glass bottles.  Laboratory analysis followed similar methodology to that used 
in the analysis of bryophyte samples.  
 
4.2 Extensive Survey 
Wherever possible invertebrate samples were collected from at least one 
downstream site at each sprayed plot.  However, due to small stream size in 
many forestry areas invertebrate sampling was not possible so only moss 
samples were taken.  Where possible an upstream sample was also taken. 
Since this was rarely practicable, and with the results adding little to the 
interpretation of the survey, they are not reported here. 
 
The extensive survey used field techniques developed from sheep dip 
pollution investigations to take, examine and interpret invertebrate samples 
(EAW, 2006).  In this method the central area of the riffle habitat is sampled 
for one minute only.  Samples were then analysed in the field using a key 
adapted from one developed for the sheep dip investigations (Appendix 1).  
This key was used to categorise pollution impacts on site using BMWP score 
and indicator taxa.  The key utilises families such as the stonefly (Leuctridae) 
which are largely unaffected by acidification but are dramatically reduced in 
numbers by cypermethrin (Rutt, 20091).  Other key taxa included other 
stoneflies such as Chloroperlidae, Perlodidae, Taeniopterygidae and 
Nemouridae.  If key taxa were present in samples at a reasonable abundance 
this was taken to indicate that the site was unaffected by cypermethrin 
pollution.  The presence of significant numbers of sensitive mayflies such as 
Heptageniidae, Leptophlebiidae, Siphlonuridae and Ephemerellidae also 
excluded cypermethrin pollution.  More detail on the key is given in Appendix 
1.  Although crude and essentially subjective, this key has proved valuable in 
identifying cypermethrin impacts from sheep dip (EAW, 2006 and 2008).  The 
level of subjectivity involved however requires it to be used by an experienced 
operator for it to yield consistent results.  Any suspected impacts due to 
forestry use of cypermethrin identified using this key were only to be deemed 
conclusive if cypermethrin was found in associated bryophyte samples. 
 
Bryophyte samples were taken at all sites where invertebrates were sampled 
during the extensive survey.  Samples were analysed in the laboratory using 
the same methodology used in the intensive survey. 
                                                 
1 Rutt, G.; EAW, 2009. Discussion of cypermethrin effects on invertebrate community 
structure. [Conversation] (Personal Communication, November 2009) 
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5. Results and Discussion 
 
 
5.1  Llyn Fach 
The Llyn Fach plot (Figure 5.1) was sprayed on 3rd June 09. 
 
 
Figure 5.1 – Location of Llyn Fach sample sites (sprayed plot bordered 
in red) 
 
5.1.1 Chemical Results - Llyn Fach 
Full chemical results for the Llyn Fach Plot are available in Appendix 2.  A 
moss sample taken at LF6 on 11th June 2009 tested positive for zeta 
cypermethrin at a concentration of 2.16 µg kg-1.  Another moss sample taken 
on 28th July 2009 from a small stream draining directly from the plot 
(SN9069204183) tested positive for the same form of cypermethrin at a 
concentration of 1.56 µg kg-1.  Figure 5.2 shows the location of the sites 
where cypermethrin was found. All other samples tested negative for 
cypermethrin. 
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No cypermethrin in 
moss in June or 
July (LF5) (LF6) 
 
Figure 5.2 – Date and locations where cypermethrin was found at the 
Llyn Fach plot. 
 
 
5.1.2 Invertebrate Results - Llyn Fach 
The raw invertebrate data (Appendix 3) shows sensitive taxa such as 
Leuctridae, Baetidae and Heptageniidae were present at all sites although 
differing considerably in abundance.  
 
April samples show a low or moderate abundance of Plecoptera and 
Ephemeroptera at all sites (Figure 5.3).  Tricoptera were generally scarce.  
There was very little variation in abundance between sites.  For the most part, 
abundances of Ephemeroptera and Plecoptera are higher in June.  However 
there was a markedly reduced abundance at site LF2 when compared with 
the control (LF3).  LF1 showed a good abundance of both Plecoptera and 
Ephemeroptera.  July samples show a similar pattern to those in June.  The 
control site (LF3) shows a reasonable abundance of Plecoptera and 
Ephemeroptera but there is a substantial reduction in abundance at 
downstream site (LF2).  Abundances further downstream at LF1 are 
substantially better than at LF2.  
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Figure 5.3 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and no. of taxa at Llyn Fach sites.  N.B. Site sprayed 
on 3rd June 2009. 
 
BMWP scores and number of taxa are moderate at all sites in April with little 
variation except for a slight dip at LF2.  In June, site LF3 (control) showed a 
much higher BMWP score and number of taxa than that seen in April.  There 
is a small drop in scores at site LF2 (downstream) when compared with the 
control.  When differences in BMWP and number of taxa are compared 
between sites LF3 (control) and downstream LF1 there is a substantial 
reduction at the downstream site.  The July samples for BMWP and number 
of taxa show very similar patterns to those taken in April. 
 
April samples show lower than predicted values for BMWP and number of 
taxa at all sites (Table 5.1).  For example, downstream site LF2 contained 
only 75% of the BMWP score and only 70% of the number of taxa predicted 
by RIVPACS for a stream of this type.  There were no obvious patterns 
between upstream and downstream sites.  June samples LF3 (control) and 
LF2 show observed invertebrate communities exceeding the BMWP and 
number of taxa predicted.  However, LF1 shows lower observed values than 
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predicted.  July data shows similar patterns to those found in April.  As 
evidenced by the considerable overlap in upper and lower confidence limits 
differences between samples were not statistically significant. 
 
Table 5.1 – O/E values for samples as calculated by RIVPACS for Llyn 
Fach sites 
Observed/Expected  Site BMWP N-Taxa 
LF3 (control) 0.75 0.73 (0.55 – 0.96)
LF2 0.75 0.70 (0.52 – 0.91)
A
pril 
LF1 0.79 0.73 (0.55 – 0.96)
LF3 (control) 1.21 1.09 (0.88 – 1.35)
LF2 1.06 1.05 (0.80 – 1.29)
June 
LF1 0.82 0.88 (0.67 – 1.12)
LF3 (control) 0.78 0.81 (0.60 – 1.04)
LF2 0.72 0.75 (0.55 – 0.98)
July 
LF1 0.78 0.88 (0.66 – 1.12)
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
 
Site grades varied between (a) (very good) and (c) (fairly good) (Table 5.2).  
April sites were all banded (b) (good) according to the RIVPACS classification 
system.  June samples are generally one category above April samples with a 
‘very good’ invertebrate community except that LF1 was classified as one 
category below (b) in the overall GQA grading.  Site LF3 (control) was classed 
as category (b) in July whereas downstream sites were classed as (c).  
  
Table 5.2 – GQA grade banding (corrected for bias), overall band and N-
taxa band for Llyn Fach sites. 
GQA Grade  Site 
Overall N-Taxa
LF3 (control) b b 
LF2 b b 
A
pril 
LF1 b b 
LF3 (control) a a 
LF2 a a 
June 
LF1 b a 
LF3 (control) b b 
LF2 c b 
July 
LF1 c a 
 
 
None of the differences between sites were of sufficient magnitude to be 
significant at the 95% level (Table 5.3).  April samples showed some similarity 
but also sufficient variability that the probabilities were well spread.  June 
samples show some interesting although not statistically significant results.  
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When control and downstream sites were compared the downstream sites 
had very low probabilities of being a GQA grade better than the control (only 
1.6 and 0.4% respectively for LF2 and LF1).  LF2 had a 58% chance of being 
the same GQA banding as the control (LF3) and a 39.8% chance of being 
worse.  LF1 showed a strong probability (86.8%) of being GQA grade worse 
than the control site.  July samples showed a similar pattern as June samples 
but less pronounced.  Again downstream sites showed a low probability of 
being a GQA grade better than upstream sites (14.8 and 14.6%). 
 
Table 5.3 – Probability of difference between overall GQA grade banding 
between sites for Llyn Fach plot 
 Comparison Probability A>B Probability A=B Probability A<B 
A = LF3 (control) 
B = LF2 29.8 37.4 32.8 
A
pril A = LF3 (control) 
B = LF1 29.6 38.8 31.6 
A = LF3 (control) 
B = LF2 39.8 58.6 1.6 
June 
A = LF3 (control) 
B = LF1 86.8 12.8 0.4 
A = LF3 (control) 
B = LF2 36.8 48.8 14.8 
July 
A = LF3 (control) 
B = LF1 38.6 46.8 14.6 
 
 
 
Figure 5.4 –Q14 scores between sites at Llyn Fach plot in April, June 
and July 
 
All samples at Llyn Fach had scores above 34 and therefore do not indicate 
environmental stress according to the Q14 analysis (Figure 5.4).  June scores 
were considerably higher than those for April and July.  There was a 
consistent but small drop in Q14 score between LF3 (control) and LF2 
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downstream.  Apart from this there were no strong indications of differences 
between upstream and downstream sites.  
 
5.1.3 Discussion - Llyn Fach 
The cypermethrin concentrations found in the two samples at Llyn Fach are of 
significant concern.  Although they were collected from minor drainage rivulets 
that were too small to support significant invertebrate or fish life they drain 
directly into the main stream.  The positive sample on 11th June 2009 was 
taken 8 days after spraying while that on 28th July 2009 was almost 2 months 
post spraying.  This shows that cypermethrin can persist in the environment 
for a considerable time. 
 
Forest Research staff had been on site while spraying activities were carried 
out.  Contractors followed best practice during spraying.  This was done in dry 
weather, and avoided a buffer zone of 10 metres along main watercourses 
and 5 metres around standing water.  The correct dosage was used and all 
mixing of cypermethrin was carefully controlled.  However, despite following 
the current Forests & Water Guidelines (FC, 2003), cypermethrin entered the 
drainage system at measurable concentrations. 
 
Following detection of cypermethrin in the samples the plot was visited by 
both EA and Forest Research staff to ascertain how cypermethrin came to 
enter the drainage system.  The probable source of pollution was pinpointed 
during this visit.  The absence of cypermethrin in other contemporary samples 
excluded the possibility that the source was upstream of those points (Figure 
5.2).  Investigations above the drain where cypermethrin was found on 27th 
August 2009 led to a natural depression in the plot through which a number of 
small ephemeral rivulets passed.  The most likely explanation for 
cypermethrin leaving the site seemed to be that these minor channels were 
not considered as watercourses by contractors and thus the 10 metre buffer 
zone was not applied.  A number of small trees which would have been 
sprayed were identified very close to these rivulets (Figure 5.5).  It is therefore 
likely that cypermethrin entered the drainage system either directly as spray 
drift or was washed from sprayed trees into these rivulets during subsequent 
periods of wet weather. 
 
The invertebrate communities found at Llyn Fach indicated no significant 
impoverishment as a result of cypermethrin.  Seasonal differences are often 
pronounced in small headwater streams with lower numbers of Plecoptera in 
early spring when compared to summer (Miserendino, 2006) as was observed 
in the data.  Also due to the life cycles of Ephemeroptera and Plecoptera 
many individuals emerge to their adult stages during the summer perhaps 
leading to the reduced abundance evident in July.  The presence of sensitive 
taxa such as Leuctridae, Heptageniidae and Nemouridae at downstream sites 
after spraying indicated the absence of downstream pollution.  Also, as 
evidenced by the Q14 results none of the sites showed any strong sign of 
environmental stress.  This is supported by the observed/predicated data 
showing that all sites contained at least 72% of the expected taxa.  RIVPACS 
analysis assigned all sites to GQA bands between (a) (very good) and (c) 
(fairly good) with no significant differences when the control site and sites 
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downstream of the plot were compared after spraying.  The invertebrate data 
therefore indicates that no significant pollution resulted from cypermethrin 
spraying of the forestry plot at Llyn Fach.  The impact if any would have been 
limited to the stream network connecting Sites LF6 and LF2.  Presumably 
insufficient chemical entered the stream or it was sufficiently diluted to prevent 
an impact at LF2. 
 
 
Restocked 
sprayed trees 
Ephemeral 
rivulet 
Figure 5.5 – Ephemeral rivulet and restocked sprayed trees in the 
depression on the Llyn Fach plot.  
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5.2  Nant Boeth 
The Nant Boeth plot (Figure 5.6) was sprayed on 4th June 2009 
 
 
Figure 5.6 – Location of Nant Boeth sites (sprayed plot bordered in red) 
 
5.2.1 Chemical Results – Nant Boeth 
Full chemical results for the Nant Boeth Plot are available in Appendix 4.  A 
water sample taken at site NB7 on 17th June 2009 tested positive for zeta 
cypermethrin, the type used in forestry with a concentration of 9.5ng l-1, 
(0.0095 μg l-1).  All other samples tested negative.  
 
5.2.2 Invertebrate Results – Nant Boeth 
Notable from the raw data (Appendix 5) is that April samples showed 
relatively high numbers of Leuctridae, Nemouridae and Chloroperlidae.  
However, in June and July these taxa were either absent or very low in 
number in both the control and downstream sites.  Numbers of 
Polycentropodidae and Limnephilidae were also very much reduced in 
summer months compared with April.  Abundances of the major groups were 
much lower at the control site (NB3) than at the potentially impacted sites 
(NB1 and NB2) in April.  This is probably due to the fact that NB3 is situated 
on a much smaller, steeper stream where kick-sampling is more difficult. 
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Figure 5.7 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and no. of taxa at Nant Boeth sites. (Site Sprayed on 
4th June 2009). 
 
Ephemeroptera were either absent or in very low numbers in all samples 
(Figure 5.7). April samples showed high abundance of Plecoptera.  
Downstream sites (NB1 and NB2) displayed a considerably higher abundance 
than the control site.  Tricoptera showed a reasonable abundance with limited 
variability between sites in April.  June and July samples showed dramatically 
reduced numbers of Plecoptera compared with the April samples.  NB2 
showed slightly better abundances than NB1 and NB3 (control) but was still 
poor in both June and July. 
 
BMWP and number of taxa are low to moderate at all sites in April.  Values for 
both scores are lowest at NB1 with some recovery at NB2. June and July 
samples show low BMWP and number of taxa with some limited variability 
between sites. 
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Table 5.4 – O/E values for samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
NB3 (control) 0.64 0.60 (0.39 – 0.80) 
NB2 0.51 0.50 (0.34 – 0.70) 
A
pril 
NB1 0.67 0.63 (0.46 – 0.81) 
NB3 (control) 0.73 0.75  (0.54 – 0.99)
NB2 0.55 0.54  (0.37 – 0.75)
June 
NB1 0.59 0.63 (0.43 – 0.83) 
NB3 (control) 0.61 0.64 (0.42 – 0.92) 
NB2 0.57 0.64 (0.47 – 0.85) 
July 
NB1 0.65 0.68 (0.50 – 0.90) 
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
 
All sites at Nant Boeth showed lower observed values than those predicted by 
RIVPACS (Table 5.4).  NB2 in April showed the lowest values, containing only 
just over half the expected BMWP score and only 50% of the number of taxa 
expected.  NB3 (control) in June contained the highest proportion of expected 
BMWP score (73%) and number of taxa (75%).  NB2 consistently showed the 
lowest observed/expected scores.  However, none of these differences were 
significant at the 95% level as shown by the considerable overlap in upper 
and lower confidence limits between sites. 
 
Sites at Nant Boeth were graded between (b) (good) and (d) (fair) (Table 5.5). 
The lowest grading was seen at NB1 in April. This was one category below 
the control (NB3).  The best category (b) was seen at NB3 in June. 
Downstream sites NB1 and NB2 were categorised as one category lower than 
this (c) in this month.  All sites in July were graded as (c). 
 
Table 5.5 – GQA grade banding (corrected for bias), overall band and N-
taxa band for Nant Boeth sites. 
GQA Grade 
 Site 
Overall N-Taxa 
NB3 (control) c c 
NB1 d d 
A
pril 
NB2 c c 
NB3 (control) b b 
NB1 c c 
June 
NB2 c c 
NB3 (control) c c 
NB1 c c 
July 
NB2 c c 
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None of the sites showed significant (> 95% probability) differences between 
GQA grading (Table 5.6).  However the data does show some notable trends.  
In June the control site (NB3) shows a high probability (73%) of being graded 
above NB1.  There is also a very low probability of NB2 being better than NB3 
(control).  NB1 in April also shows a low probability of being better than NB3 
(control).  For other comparisons there is a relatively even spread of 
probabilities suggesting differences between these sites are not significant. 
 
Table 5.6 – Probability of difference between overall GQA grade banding 
between sites  
 Comparison Probability A>B Probability A=B Probability A<B
A = NB3 (control) 
B = NB1 59.2 29.6 11.2 
A
pril A = NB3 (control) 
B = NB2 18.0 41.2 40.8 
A = NB3 (control) 
B = NB1 73.0 23.0 4.0 
June 
A = NB3 (control) 
B = NB2 51.4 38.0 10.6 
A = NB3 (control) 
B = NB1 31.4 45.8 22.8 
July 
A = NB3 (control) 
B = NB2 19.6 43.2 37.2 
 
The majority of the sites at Nant Boeth had Q14 Scores of lower than 34 
indicating environmental stress (Figure 5.8).  However, there are no marked 
differences between downstream and control sites.  Generally scores were 
higher in April than in June and July. 
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Figure 5.8 –Q14 scores between sites at Nant Boeth plot in April, June 
and July 
 
5.2.3 Discussion - Nant Boeth 
The concentration of cypermethrin in a water sample (9.5 ng l-1) found at NB7 
in June was well in excess of the short-term PNEC of 0.4 ng l-1.  Although the 
bryophyte samples at the same location and time tested negative this may 
have been due to the lack of submerged vegetation available to sample in this 
small watercourse.  The presence of cypermethrin in the water shows that it 
was mobilised and entered the drainage system in concentrations in excess of 
what would be toxic to freshwater invertebrates.  This sample was taken on 
the 17the June 2009, 13 days after spraying activities. 
 
After the cypermethrin was found at this plot, the site was visited by EA and 
Forest Research staff.  Forest Research staff had been present during 
spraying and the Forests & Water Guidelines (FC, 2003) had been followed. 
After close examination of the plot and discussion of the spraying operation a 
possible cause was found.  It was suspected that episodes of high rainfall 
after spraying may have caused the cypermethrin to be washed from trees 
and drain down a track to NB7 (Figure 5.9). 
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Figure 5.9 – The small wet weather rivulet in the foreground was 
contaminated with 9.5 ng l-1 on 17th June 2009.  The spraying area was at 
the top of the slope in the background. 
 
Fortunately, the surface runoff from the track flowed through a downslope 
buffer area.  This prevented contaminated water from directly entering a 
tributary of the Nant Boeth.  It is likely that the cypermethrin absorbed to 
sediment (Jones, 1995) and plant tissue in this marshy buffer zone where it 
was retained and eventually degraded.  There had been a clear flow pathway 
through the marsh area in April but all the flow appeared to be retained in 
June. 
  
The invertebrate communities found in the Nant Boeth area did not indicate 
any cypermethrin pollution in the receiving stream.  The rarity or absence of 
Ephemeroptera in samples and the presence of abundant Plecoptera is 
characteristic of acidified streams in Wales (Ormerod and Juttner, 2008).  The 
lower abundance observed at the control in the April samples is probably due 
to reduced habitat quality due to the small stream size, extreme slope and 
cascade like characteristics.  The reduced numbers of Plecoptera found in the 
June and July samples is likely to be due to emergence of nymphs to adult life 
stages. 
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5.3 Clywedog – Plot B 
 
Clywedog Plot B was sprayed on the 25th May 2009. 
 
 
Figure 5.10 – Site location for Clywedog Plot A and B sites (bordered in 
red). Plot A is located to the north, Plot B located to the south.  No 
control away from possible contamination was available for either Plot A 
or Plot B.  However, CF3 and CF6 (depending on the month) were used 
as controls for Plot A, in order to identify from which plot any possible 
pollution was sourced.  Due to errors in sampling, invertebrate samples 
at CF3 were missed in April and June so CF6 was used as the control in 
these months.  Also an invertebrate sample for CF4 was missed during 
April. 
 
5.3.1  Chemical Results - Clywedog plot B 
All samples taken tested negative for cypermethrin (Appendix 6) 
 
5.3.2  Invertebrate Results - Clywedog Plot B 
It was notable from the raw invertebrate data (Appendix 7) for Clywedog Plot 
B that either Leuctridae or Chloroperlidae were present at all sites and other 
plecoptera such as Nemouridae and Perlodidae were often present in 
reasonable abundance at sites downstream of the sprayed area.  
 
April samples showed good abundance of Plecoptera (Figure 5.11).  
Ephemeroptera were either absent or very low in abundance in April.  
Tricoptera were found at reasonable abundance at all sites but there was 
considerable variation between sites.  Numbers of Plecoptera were generally 
reduced in June samples compared with April.  However, Ephemeroptera 
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were present in markedly higher numbers at sites CF6 and CF2.  August 
samples showed moderate numbers of Plecoptera and Tricoptera but low 
numbers of Ephemeroptera except CF3.  
 
Figure 5.11 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and number of taxa in samples taken at Clywedog 
Plot B sites.  N.B Site Sprayed on 25th May 2009.  No control was 
available for this plot.  
 
Number of taxa and BMWP score showed a consistent pattern between 
seasons.  Values generally were lowest at site CF7 nearest the source and 
showed a general increase to CF6 and then to CF2/CF3 with increasing 
distance from the source. 
 
In April CF7 had only 64% of the expected BMWP score and 71% of the 
number of taxa expected whereas CF6 and CF2 contained almost all or more 
than predicted (Table 5.7).  This pattern was repeated in the other months 
with low observed/expected values at site CF7 and values near 1 in sites 
CF6, CF2 and CF3. 
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Table 5.7 –O/E values for samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
CF7 0.64 0.71 (0.53 – 0.92)
CF6 1.07 0.95 (0.73 – 1.19)
A
pril CF2 0.99 0.97 (0.77 – 1.22)
CF7 0.64 0.68 (0.49 – 0.92)
CF6 1.07 1.00 (0.76 – 1.32)
June 
CF2 1.07 1.01 (0.78 – 1.26)
CF7 0.72 0.74 (0.54 – 0.98)
CF6 0.92 0.88 (0.62 – 1.18)
A
ugust CF3 0.91 0.88 (0.67 – 1.14)
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
 
Site CF7 consistently scores between 1 or 2 categories worse than sites CF6, 
CF2 and CF3 in April, June and August (Table 5.8).  Sites CF6, CF2 and CF3 
have been categorised between (a) (very good) and (b) (good) in all months 
sampled whereas CF7 generally had a GQA category (c) (fairly good).  
 
 
Table 5.8 – GQA grade banding (corrected for bias), overall band and N-
taxa band for Clywedog Plot B sites. 
 
GQA Grade 
 Site 
Overall N-Taxa 
CF7 c c 
CF6 a a 
A
pril 
CF2 b a 
CF7 c c 
CF6 a a 
June 
CF2 a a 
CF7 c b 
CF6 b a 
July 
CF3 b a 
  
No comparison of probabilities of group membership was done as there was 
no adequate control for this site. 
 
For April all Q14 index values were above 34 indicating no environmental 
stress at any of the sites (Figure 5.12).  There was a marked increase in Q14 
values with distance downstream, CF7 having the lowest value.  CF6 had 
values marginally higher and CF2 considerably higher.  June and August 
samples showed similar patterns to those seen in April.  CF7 scored a value 
of less than 34 in June indicating some form of environmental stress.  In 
August both CF7 and CF6 scored below 34 indicating environmental stress at 
 39
An evaluation of the impact of cypermethrin use in forestry on Welsh streams 
September 2010 
both these sites.  However, the most downstream site, CF3 showed a 
substantially better Q14 score. 
 
 
 
Figure 5.12 –Q14 scores between sites at Clywedog Plot B in April, June 
and August 
 
5.3.3  Discussion – Clywedog Plot B 
No evidence of cypermethrin was found in any of the chemical samples at the 
sites draining Clywedog plot B.  The first set of post spray samples was taken 
soon (12 days) after spraying and so the absence of cypermethrin implies that 
the best practice measures employed were effective at protecting 
watercourses from pollution. 
 
Similarly, the invertebrate data shows no signs of any cypermethrin having 
entered the watercourse.  The absence of a suitable control for this plot made 
comparison of control with downstream sites impossible.  However, the 
presence of stoneflies such as Leuctridae and Chloroperlidae in reasonable 
numbers at all sites suggests that no cypermethrin had affected these sites.  
Abundances of Ephemeroptera, Plecoptera and Tricoptera showed variability 
between sites but no samples showed an impoverishment characteristic of 
cypermethrin pollution.  Subsequent analysis of the data, including BMWP, 
number of taxa, observed/expected, GQA gradings and Q14 index indicated a 
poorer invertebrate community in the head waters at CF7 with improving 
fauna further downstream at sites CF6, CF3 and CF2.  This may be due to a 
number of physiochemical changes within the stream with increasing distance 
from the source consistent with the river continuum concept (Vannote, 1980) 
and studies by Wright, et al. (1984).  Possible causes of the impoverishment 
seen at the upstream-most site (CP7) include low pH, low habitat quality and 
small stream size.  These influences can be reduced further downstream as 
acid surface water is buffered by base rich rocks and diluted by other 
watercourse, the stream width increases and habitat diversity increases.  The 
invertebrate community may respond to these changes with increases in 
diversity and abundance. 
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5.4 Clywedog – Plot A 
Clywedog Plot A was sprayed on the 25th May 2009. Site locations are given 
in Figure 5.10. 
 
5.4.1 Chemical Results – Clywedog Plot A 
All moss samples taken at Clywedog Plot A tested negative for cypermethrin 
(Appendix 6).  
 
5.4.2 Invertebrate Results – Clywedog Plot A 
All samples contained Leuctridae and most contained other key stoneflies 
such as Chloroperlidae, Perlodidae and Nemouridae (Appendix 8).  However, 
abundance of these taxa varied considerably.  Ephemeroptera diversity and 
abundance were generally low.  Only Baetidae were present in any 
appreciable abundance and only in June.  Numbers of other taxa such as 
Heptageniidae were very low or absent at all sites. 
 
Abundances of Plecoptera were quite high at all sites in April with some 
variation in numbers between sites (Figure 5.13).  Ephemeroptera were very 
low in abundance with highest numbers found at the most downstream site 
CF1.  Tricoptera abundance varied from low to moderate at all sites.  CF2 
showed considerably higher abundance of Plecoptera than the control site.  
June samples showed much better abundance of Ephemeroptera than April 
samples. Plecoptera abundance was good at the control site, whereas the 
downstream sites showed a marked reduction in numbers.  This was in 
contrast with the April results.  The same pattern in Plecoptera abundance 
was repeated to a greater degree in the August samples with all downstream 
sites showing low abundance whereas upstream sites showed high 
abundance.  Site CF2 had much better abundance of Ephemeroptera than 
other sites.  
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Figure 5.13 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and number of taxa at Clywedog Plot A sites.  N.B. 
Plot Sprayed on 25th May 2009 
 
BMWP and number of taxa were lowest at the control site in April with better 
scores downstream.  However all of the scores were moderate to high.  June 
samples showed similar patterns to the April samples although the low score 
at the control site score was more pronounced.  BMWP and number of taxa 
showed considerable variability in August samples with lower scores at 
downstream sites CF4 and CF1 and higher scores at the control and at the 
most downstream site CF2. 
 
April and June samples all showed a good proportion of the predicted BMWP 
taxa and number of taxa in the observed data, many exceeding the predicted 
score (Table 5.9).  August samples showed a different pattern.  The control 
sample contained a good proportion of BMWP and number of taxa (91% and 
89% consecutively).  However, CF4 showed a marked reduction in 
observed/expected values, containing only 62% of the predicted BMWP 
score.  CF2 showed observed over expected values similar to those of the 
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control site whereas CF1 further downstream had lower values, containing 
79% of BMWP score predicted. 
 
 
Table 5.9 –O/E values for samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
CF6 (control) 1.07 0.96 (0.75 – 1.19)
CF2 0.99 0.96 (0.76 – 1.20)
A
pril 
CF1 1.05 0.97 (0.76 – 1.21)
CF6 (control) 1.07 1.00 (0.71 – 1.30)
CF4 1.15 1.04 (0.83 – 1.30)
CF2 1.07 1.00 (0.76 – 1.26)
June 
CF1 1.08 1.01 (0.96 – 1.14)
CF3 (control) 0.91 0.89 (0.67 – 1.13)
CF4 0.62 0.65 (0.44 – 0.86)
CF2 0.98 0.96 (0.75 – 1.20)
A
ugust 
CF1 0.79 0.84 (0.64 – 0.99)
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
 
All sites in April and June were categorised as (a) (very good) except for CF2 
in April which scored a (b) (good) (Table 5.10).  Samples taken in August 
were markedly lower in the GQA grading.  Site CF3 and CF1 scored a (b) 
(good) while site CF4 and CF1 scored category (c) (fairly good). 
 
 
Table 5.10 – GQA grade banding (corrected for bias), overall band and 
N-taxa band for Clywedog Plot A sites. 
GQA Grade  Site Overall N-
CF6 a a 
CF2 b a 
A
pril 
CF1 a a 
CF6 a a 
CF4 a a 
CF2 a a 
June 
CF1 a a 
CF3 b a 
CF4 c c 
CF2 b a 
A
ugust 
CF1 c a 
 
All sites in April and June were categorised as (a) (very good) except for CF2 
in April which scored a (b) (good) (Table 5.10).  Samples taken in August 
were markedly lower in the GQA grading.  Site CF3 and CF1 scored a (b) 
(good) while site CF4 and CF1 scored category (c) (fairly good). 
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There were no statistically significant differences between control site and 
downstream sites during any of the months sampled (Table 5.11).  Many of 
the sites showed a strong similarity.  However, in August CF1 showed a 
relatively strong dissimilarity to the control site with a 64% chance of being a 
GQA category worse. 
 
 
Table 5.11 – Probability of difference between overall GQA grade 
banding between sites  
 Comparison Probability A>B Probability A=B Probability A<B
A = CF6 (control) 
B = CF2 49.2 42.4 8.4 
A
pril A = CF6 (control) 
B = CF1 21.8 61.6 16.6 
A = CF6 (control) 
B = CF4 3.8 65.2 31.0 
A = CF6 (control) 
B = CF2 20.0 54.4 25.6 
June 
A = CF6 (control) 
B = CF1 13.8 58.8 27.4 
A = CF3 (control) 
B = CF4 35.4 47.2 17.4 
A = CF3 (control) 
B = CF2 17.4 48.8 33.8 
A
ugust 
A = CF3 (control) 
B = CF1 64.2 34.0 1.8 
 
Both in April and in June CF6 (control) was the lowest scoring site for Q14 
index with downstream sites scoring markedly higher (Figure 5.14).  In June 
at CF6 (control) the Q14 value indicates that the site was subject to 
environmental stress.  Site CF4 also had a score lower than 34 in August 
indicating that it was experiencing environmental stress. 
 
 
5.4.3  Discussion – Clywedog Plot A 
Communities found at all sites were characteristic of acid impacted streams 
having a restricted fauna dominated by families such as Leuctridae, 
Nemouridae and Chloroperlidae with acid sensitive Ephemeroptera scarce or 
absent (Ormerod and Juttner, 2008).  In general the communities found were 
more abundant and diverse in April and June than in August.  Differences in 
communities between sites and before/after spraying were not significant at 
the 95% level and the absence of cypermethrin at any of the sites sampled 
indicates that cypermethrin did not enter watercourses as a result of spraying 
at Clywedog Plot A.  This is supported by the invertebrate data which do not 
show any impacts characteristic of cypermethrin pollution. 
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 April June August 
Figure 5.14 –Q14 scores between sites at Clywedog Plot A in April, June 
and August 
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5.5 Bryn Moel 
 
For the Bryn Moel plot, only data collected immediately before and then after 
spraying was used.  This was due to a mistake being made in the provision of 
the spraying date to the Environment Agency.  The plot (Figure 5.15) was 
sprayed on the 15th September 2009. 
 
 
Figure 5.15 – Site locations for the Bryn Moel plot (bordered red) 
 
5.5.1  Chemical Results - Bryn Moel 
 
No chemical samples tested positive at any of the sites draining the Bryn Moel 
plot (Appendix 9). 
 
5.5.2  Invertebrate Results - Bryn Moel 
The raw invertebrate data shows all sites contained Leuctridae and 
Nemouridae in reasonable abundance (Appendix 10).  Also present were a 
good numbers of Tricoptera taxa such as Polycentropodidae, Rhyacophilidae 
and Limnephilidae.  However, Ephemeroptera were either absent or in very 
low numbers in most of the samples.  Heptageniidae were completely absent 
in September from all samples and Baetidae were only present at site BM3 to 
any appreciable abundance.  All sites showed a low diversity of the 
invertebrate community.  
 46
An evaluation of the impact of cypermethrin use in forestry on Welsh streams 
September 2010 
 
Figure 5.16 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and number of taxa in samples taken at the Bryn Moel 
sites.  N.B. Plot sprayed on 15th September 2009. 
 
September samples contained moderate numbers of Plecoptera and 
Tricoptera with limited variability between sites (Figure 5.16).  Ephemeroptera 
were absent or present only in very low numbers in all samples except at BM3 
which contained a reasonable abundance of Baetidae (Appendix 10).  BM2 
(control) showed slightly increased abundance of Plecoptera in October 
compared to September but at downstream sites abundance was reduced.  
Numbers of Ephemeroptera in October were much reduced at BM3 when 
compared with September.  At all sites, BMWP score and number of taxa 
showed considerable variability.  There was no obvious pattern before or after 
spraying between the control and downstream sites. 
 
Table 5.12 –O/E values for samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
BM2 (control) 0.58 0.66 (0.49 – 0.84) 
BM1 0.45 0.52 (0.36 – 0.71) 
Sept 
BM3 0.85 0.88 (0.67 – 1.11) 
BM2 (control) 0.46 0.51 (0.36 – 0.69) 
BM1 0.53 0.61 (0.43 – 0.82) 
O
ct 
BM3 0.67 0.70 (0.52 – 0.91) 
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
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Sites BM2 (control) and BM1 showed low observed/expected values in both 
September and October.  BM3 had consistently better observed/expected 
values than other sites. 
 
Site grades varied considerably between (a) (very good) to (d) (fair) (Table 
5.13).  The control site (BM2) scored better than the first downstream site 
(BM1) in September but worse in October.  Downstream site BM3 scored (a) 
(very good) and (b) (good) in September but this was reduced to (c) (fairly 
good) in October. 
 
Table 5.13 – GQA grade banding (corrected for bias), overall band and 
N-taxa band for Bryn Moel sites. 
GQA Grade 
 Site 
Overall N-Taxa
BM2 (control) c c 
BM1 d d 
Sept 
BM3 b a 
BM2 (control) d d 
BM1 c c 
O
ct 
BM3 c c 
 
No significant differences between GQA grading were found between control 
and downstream sites (Table 5.14).  However, weightings of the probabilities 
did show some interesting patterns.  In September BM1 shows a high 
probability of being a GQA grade worse than the control.  However, site BM3 
had an almost 80% chance of being better.  In October probabilities for BM1 
are more weighted to being better than the control.  Comparisons of BM3 and 
the control show similar patterns to September 
 
Table 5.14 – Probability of difference between overall GQA grade 
banding between sites  
 Comparison Probability A>B Probability A=B Probability A<B
A = BM2 (control) 
B = BM1 66.6 29.6 3.8 
Sept 
A = BM2 (control) 
B = BM3 1.2 19.2 79.6 
A = BM2 (control) 
B = BM1 10.6 34.2 55.2 
O
ct 
A = BM2 (control) 
B = BM3 2.4 22.4 75.2 
 
No significant differences between GQA grading were found between control 
and downstream sites (Table 5.14).  However, weightings of the probabilities 
did show some interesting patterns.  In September BM1 shows a high 
probability of being a GQA grade worse than the control.  However, site BM3 
had an almost 80% chance of being better.  In October probabilities for BM1 
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are more weighted to being better than the control.  Comparisons of BM3 and 
the control show similar patterns to September. 
 
Q14 indices for BM1 and BM2 (control) indicated environmental stress as they 
scored below 34 in both September and October.  In contrast BM3 
consistently scored well above 34 (Figure 5.17). 
 
 
Figure 5.17 – Q14 scores between sites at Bryn Moel Plot in April, Sept 
and Oct 
 
 
5.5.3 Discussion - Bryn Moel 
 
The absence of any cypermethrin in chemical samples suggests that 
cypermethrin did not become mobile after spraying at the Bryn Moel plot.  
This may have been because there was a low risk at this plot because it had a 
low gradient (2°).  On site visits during sampling it was also noticed that the 
soil profile included a deep thickness of peat.  This may have reduced the 
mobility of cypermethrin and it may have bound to organic soil particles where 
it may have degraded (Jones, 1995).  It also shows that best practice 
guidelines were again effective in reducing the risks of pollution. 
 
Invertebrate data did not show any indication of cypermethrin pollution when 
control and downstream sites were compared before and after spraying.  
Sites BM1 and BM2 (control) both contained poor communities with low 
abundance and diversity of invertebrates.  The presence of Leuctridae in 
moderate abundance in BM2 indicates that there had been no wash-off of 
cypermethrin into local streams as this family is very sensitive to this form of 
pollution (EAW, 1998).  Site BM3 furthest downstream consistently shows 
better diversity and abundance of invertebrates than sites further upstream in 
the catchment.  This is most likely due to the increased buffering available 
lower down the catchment (Sutcliffe and Hildrew, 1989), the larger stream 
size and better habitat quality.
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5.6 Glasgwm (Penmachno) 
 
The Glasgwm plot (Figure 5.18) was sprayed on 21st May 2009. 
 
 
Figure 5.18 – Location of Glasgwm plots (bordered in red) 
 
5.6.1  Chemical Results - Glasgwm 
 
None of the samples taken at the Glasgwm plot tested positive for 
cypermethrin (Appendix 11).  
 
5.6.2  Invertebrate Results - Glasgwm 
 
Glasgwm sites generally contained moderate numbers of Leuctridae and 
Nemouridae although abundances varied considerably (Appendix 12).  
Leuctridae were notably absent from site GG2 in June.  Ephemeroptera were 
generally poor in diversity, comprised almost exclusively of Baetidae. 
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Figure 5.19 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and No. of taxa at Glasgwm sites.  N.B. Plot sprayed 
on 21st May 2009. 
 
All sites in April contained moderate or good abundances of Plecoptera 
except for GG2.  Here abundance was markedly lower compared to other 
sites (Figure 5.19).  Ephemeroptera were scarce in April and Tricoptera were 
low in abundance at all sites.  Plecoptera were markedly lower in abundance 
in June compared with April with lowest abundances at the control site (GG1) 
and GG2.  Abundances of Ephemeroptera in June were much improved in 
April samples especially at site GG3 and GG4.  August samples contained 
low numbers of Ephemeroptera, Plecoptera and Tricoptera except at GG4./  
This showed exceptionally high numbers of all three groups compared with 
other sites. 
 
BMWP score and number of taxa showed considerable temporal and spatial 
variation.  Site GG2 was consistently lower than the control site while GG3 
and GG4 generally show better scores than those sites further upstream.  
Scores were generally higher in April than in June and August. 
 
As shown by the overlap in confidence limits there were no statistically 
significant differences between the observed/expected values at sites on the 
Glasgwm (Table 5.15).  However, there was a general pattern at each of the 
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sample times of GG3 and GG4.  This showed considerably better values than 
further upstream at GG1 and GG2.  GG2 was consistently poorer than the 
control but differences were too small to draw strong conclusions. 
 
Table 5.15 –O/E values for samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
GG1 (control) 0.60 0.59 (0.44 – 0.77)
GG2 0.50 0.51 (0.34 – 0.72)
GG3 0.92 0.92 (0.69 – 1.21)
A
pril 
GG4 0.61 0.64 (0.44 – 0.86)
GG1 (control) 0.57 0.58 (0.41 – 0.76)
GG2 0.50 0.55 (0.38 – 0.74)
GG3 0.80 0.86 (0.64 – 1.17)
June 
GG4 0.86 0.89 (0.68 – 1.14)
GG1 (control) 0.55 0.58 (0.41 – 0.79)
GG2 0.48 0.54 (0.37 – 0.77)
GG3 0.60 0.69 (0.46 – 0.99)
A
ugust 
GG4 1.01 1.00 (0.76 – 1.27)
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
 
The patterns shown in the observed/expected values are reflected in the GQA 
groupings (Table 5.16).  The control site did not show a particularly good 
community.  It scored (c) (fairly good) at all sampling times.  GG2 showed a 
slightly poorer community than the control, scoring a (d) (fair) except in June.  
GG3 and GG4 generally showed considerably better GQA grades than the 
sites further upstream.  
 
Table 5.16 – GQA grade banding (corrected for bias), overall band and 
N-taxa band for Glasgwm sites. 
GQA Grade Site Overall N-Taxa
GG1 (control) c c
GG2 d d
GG3 b a
A
pril 
GG4 c c
GG1 (control) c c
GG2 c c
GG3 b a
June 
GG4 b a
GG1 (control) c c
GG2 d d
GG3 c c
A
ugust 
GG4 a a
 
Notable from the comparison of sites according to strength of GQA grading is 
that sites GG3 and GG4 showed high probabilities of being one or more GQA 
grade better than the control (Table 5.17).  In August GG4 had a 97% chance 
(significant at the 95% level) of being a GQA grade or more, better than the 
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control (GG1).  GG2/GG1 probabilities were weighted towards GG2 being 
likely to be worse than the control but these trends are not strong.  
 
 
Table 5.17 – Probability of difference between overall GQA grade 
banding between Glasgwm sites 
 Comparison Probability A>B Probability A=B Probability A<B
A = GG1 (control) 
B = GG2 55.8 31.4 12.8 
A = GG1 (control) 
B = GG3 0.4 10.8 88.8 
A
pril 
A = GG1 (control) 
B = GG4 18.6 40.4 41.0 
A = GG1 (control) 
B = GG2 39.4 35.8 24.8 
A = GG1 (control) 
B = GG3 1.6 11.8 86.6 
June 
A = GG1 (control) 
B = GG4 1.6 17.4 81.0 
A = GG1 (control) 
B = GG2 50.2 43 6.8 
A = GG1 (control) 
B = GG3 17.4 44.8 37.8 
A
ugust 
A = GG1 (control) 
B = GG4 0.2 2.8 97.0 
 
Q14 scores showed that the control site and GG2 immediately downstream 
both showed environmental stress at all sample times (Figure 5.20).  In 
comparison, further downstream at GG3 and GG4 consistently scored above 
the designated threshold value of 34 indicating that these sites were free from 
any significant environmental stress. 
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Figure 5.20 - Q14 scores between sites at Glasgwm in April, June and 
August 
 
 
 
5.6.3 Discussion – Glasgwm 
 
No evidence of cypermethrin entering any of the watercourses draining the 
Glasgwm plot was found in the chemical samples.  The presence of the 
sensitive family Leuctridae in all samples also suggests that no cypermethrin 
pollution had occurred (EAW, 2006).  GG1 (control) and GG2 showed a 
poorer community than sites GG3 and GG4.  This was probably due to the 
small size of the streams at the top of the catchment.  The likely cause of the 
generally impoverished communities at all sites was acidification effects.  
Differences between the control and downstream sites show that the latter 
had better communities than the control.  From this evidence it can be 
concluded that the sites were unaffected by cypermethrin.  
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5.7 Rhyd Wen 
 
The Rhyd Wen plot (Figure 5.21) was sprayed on the 1st June 2009.  
 
 
Rhyd Wen Plot (shape 
file not available)
Figure 5.21- Location of Rhyd Wen sites. 
 
5.7.1  Chemical Results - Rhyd Wen 
 
No positive results for cypermethrin were found downstream of the Rhyd Wen 
plot (Appendix 13). 
 
5.7.2  Invertebrate Results - Rhyd Wen 
 
The raw invertebrate data (Appendix 14) shows that the sensitive stonefly 
family Leuctridae was present in all samples suggesting no severe impact at 
any of the sites in any season.  However, numbers were markedly reduced at 
RW2 compared with other sites in June and August.  Another indicator taxon, 
Heptageniidae, was only present at one site, RW3, and only at any 
considerable abundance in the April sample. 
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Figure 5.22 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and no. of taxa at Rhyd Wen sites.  Site sprayed on 1st 
June 2009.  
 
Plecoptera were present in good abundance at upstream site RW1 and 
markedly lower at all downstream sites at all sample times (Figure 5.22).  
Numbers of Plecoptera at all sites were generally greater in April than during 
the summer months.  Ephemeroptera were absent or scarce at all sites at all 
sampling times except site RW3 which consistently showed better numbers.  
Tricoptera were variable but generally at low abundance with the exception of 
the control site RW1. 
 
BMWP scores and number of taxa showed similar patterns between sites at 
all samples times.  The control site (RW1) showed a low to moderate BMWP 
while scores at RW2 were lower still.  There was a consistently higher score 
at RW3 than other sites and RW4 was similar to the control.  These patterns 
are repeated in all months sampled. 
 
The April observed/expected value for control site RW1 shows that the 
sample contained 79% of the expected BMWP score (Table 5.18).  Site RW2, 
immediately downstream, showed a markedly lower value of 65%.  In contrast 
observed values were greater than those expected further downstream at 
RW3.  However, RW4, further downstream again, showed lower values 
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similar to those found at RW2.  These patterns were repeated with 
considerable similarity in the other months sampled. 
 
Table 5.18 –O/E values for samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
RW1 (control) 0.79 0.73 (0.53 – 0.93)
RW2 0.65 0.64 (0.45 – 0.86)
RW3 1.15 1.11 (0.84 – 1.40)
A
pril 
RW4 0.64 0.61 (0.43 – 0.83)
RW1 (control) 0.86 0.87 (0.66 – 1.12)
RW2 0.54 0.57 (0.38 – 0.80)
RW3 1.31 1.17 (0.93 – 1.49)
June 
RW4 0.78 0.74 (0.53 – 0.97)
RW1 (control) 0.86 0.86 (0.64 – 1.12)
RW2 0.63 0.69 (0.48 – 0.93)
RW3 1.05 0.95 (0.71 – 1.20)
A
ugust 
RW4 0.63 0.68 (0.47 – 0.91)
 
GQA grades at the Rhyd Wen were between (a) (very good) and (c) (fairly 
good).  Sites RW1 and RW3 contained the best communities, consistently 
scoring between (a) and (b) (Table 5.19).  Grades for sites RW2 and RW3 
were generally lower, usually only graded (c). 
 
Table 5.19 – GQA grade banding (corrected for bias), overall band and 
N-taxa band for Rhyd Wen sites. 
GQA Grade Site Overall N-Taxa
RW1 (control) b b
RW2 c c
RW3 a a
A
pril 
RW4 c c
RW1 (control) b a
RW2 c c
RW3 a a
June 
RW4 b b
RW1 (control) b a
RW2 c c
RW3 a a
A
ugust 
RW4 c c
 
 
No statistically significant differences were observed between the control site 
and downstream sites in any of the months sampled (Table 5.20).  However, 
the weightings of the probabilities do suggest some possible differences 
between communities.  Site RW2 repeatedly showed a high probability of 
being one or more GQA grades lower than the control site.  These 
probabilities were strongest in June and August.  However, the probabilities 
indicate that RW3 was at least a GQA grade better than the control sites in all 
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months.  Values at site RW4 were more variable but do point to the control 
site being graded higher. 
 
Table 5.20 – Probability of difference between overall GQA grade 
banding between Rhyd Wen sites 
 Comparison Probability A>B Probability A=B Probability A<B
A = RW1 (control) 
B = RW2 49.2 35.0 15.8 
A = RW1 (control) 
B = RW3 0.4 17.8 81.8 
A
pril 
A = RW1 (control) 
B = RW4 57.4 31.6 11.0 
A = RW1 (control) 
B = RW2 86.6 12.6 0.8 
A = RW1 (control) 
B = RW3 0.0 12.0 88.0 
June 
A = RW1 (control) 
B = RW4 34.8 45.8 19.4 
A = RW1 (control) 
B = RW2 75.6 22.0 2.4 
A = RW1 (control) 
B = RW3 4.8 27.6 67.6 
A
ugust 
A = RW1 (control) 
B = RW4 74.6 21.6 3.8 
 
The control site repeatedly had a Q14 score higher than 34 in each month 
(Figure 5.23).  However, site RW2 scores below 34 in June and August 
indicating this site was suffering some form of environmental stress in these 
months.  RW3 had a high Q14 score in every month sampled.  Scores for 
RW4 were variable scoring below the 34 threshold in April and June but 
above in August. 
 
 
 
Figure 5.23 –Q14 scores between sites at Rhyd Wen in April, June and 
August 
. 
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5.7.3 – Discussion - Rhyd Wen 
 
The absence of cypermethrin in the moss samples was in line with the 
invertebrate results which showed no evidence of water pollution.  The control 
site showed invertebrate communities characteristic of a small upland stream.  
Communities at sites RW2 and RW4 were worse than what might have been 
expected for streams of this type and at times indicated some 
impoverishment.  However, this was observed prior to spraying in April as well 
as after so the status was unlikely to have been due to cypermethrin effects. 
The most likely cause was acidification. 
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5.8 Einion 
 
The Einion plot (Figure 5.24) was sprayed on the 29th May 2009. 
 
 
Figure 5.24 – Location of sites for the Einion Plot (bordered in red) 
 
5.8.1  Chemical Results - Einion 
 
None of the samples tested positive for cypermethrin at the Einion plot 
(Appendix 15). 
 
5.8.2  Invertebrate Results - Einion 
 
The invertebrate data (Appendix 16) showed that key families such as 
Leuctridae, Chloroperlidae, Nemouridae and Perlodidae were usually present 
in downstream samples as well as the control.  However, numbers of 
individuals varied substantially both temporally and spatially.  Notably, the 
only family of Ephemeroptera present was Baetidae and these were present 
only in very small numbers in three samples.  
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Figure 5.25 – Actual abundances of Plecoptera, Ephemeroptera and 
Tricoptera, BMWP and no. of taxa at Einion sites.  N.B. Site sprayed on 
29th May 2009. 
 
Plecoptera were present at moderate abundance in all the April samples 
(Figure 5.25).  The control site (EN1) contained the highest abundance with 
numbers somewhat reduced at downstream sites.  Tricoptera numbers were 
variable and generally in low abundance and Ephemeroptera were completely 
absent from all April samples.  In June samples Plecoptera numbers were low 
both at the control and site EN3 but numbers were markedly increased at site 
EN2.  Ephemeroptera numbers were extremely low and Tricoptera showed 
similar patterns to April samples.  Abundances in August resembled those 
found in June except Plecoptera were lower at site EN2. 
 
All BMWP scores were below 80 with number of taxa always below 14.  This 
shows a low diversity of families.  No notable control/downstream differences 
were apparent. 
 
The observed/expected values were generally low for the Einion sites 
showing the samples taken contained a low proportion of the families 
predicted by RIVPACS (Table 5.21).  There was a range of values - the worst 
was 0.49 at EN3 in June, the best at EN2 (0.62) in June.  There were no 
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significant differences in observed/expected data between sites.  No 
appreciable control, versus downstream differences, were obvious. 
 
Table 5.21 – Statistical significance of the difference in O/E values for 
samples as calculated by RIVPACS. 
Observed/Expected  Site BMWP N-Taxa 
EN1 (control) 0.55 0.54 (0.38 – 0.73) 
EN2 0.52 0.53 (0.36 – 0.75) 
A
pril EN3 0.62 0.58 (0.41 – 0.78) 
EN1 (control) 0.61 0.65 (0.47 – 0.85) 
EN2 0.63 0.62 (0.44 – 0.83) 
Sept 
EN3 0.49 0.53 (0.35 – 0.74) 
EN1 (control) 0.52 0.55 (0.37 – 0.76) 
EN2 0.62 0.66 (0.47 – 0.90) 
O
ct 
EN3 0.60 0.61 (0.43 – 0.82) 
 
Note: Adjusted for bias.  95% confidence limits are given in brackets. 
 
All sites were categorised (c) (fairly good) except for EN2 in April and EN3 in 
June.  These were both (d) (fair) (Table 5.22). There were no strong 
differences in samples between months. 
 
Table 5.22 – GQA grade banding (corrected for bias), overall band and 
N-taxa band for Einion Plots sites. 
GQA Grade 
 Site 
Overall N-Taxa 
EN1 (control) c c 
EN2 d d 
A
pril 
EN3 c c 
EN1 (control) c c 
EN2 c c 
June 
EN3 d d 
EN1 (control) c c 
EN2 c c 
A
ugust EN3 c c 
 
The probabilities calculated by RIVPACS show that differences in GQA 
categories between control and downstream sites were not significant (Table 
5.23).  Also, as shown by the spread of probabilities, there were no strong 
probabilities of difference in categories between sites. 
 
All samples scored below 34 in all the months sampled suggesting 
environmental stress was affecting all sites (Figure 5.26).  There were no 
marked differences between the control samples and downstream samples. 
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Table 5.23 - Probability of difference between overall GQA grade 
banding between Einion sites  
 Comparison Probability A>B Probability A=B Probability A<B
A = EN1 (control) 
B = EN2 37.4 34.4 28.2 
A
pril A = EN1 (control) 
B = EN3 22.4 36.4 41.2 
A = EN1 (control) 
B = EN2 35.0 39.4 25.6 
June 
A = EN1 (control) 
B = EN3 61.2 28.2 10.6 
A = EN1 (control) 
B = EN2 11.8 37.8 50.4 
July 
A = EN1 (control) 
B = EN3 18.4 35.8 35.8 
 
 
 
Figure 5.26 - Variation in Q14 scores between sites at Einion in April, 
June and August 
 
5.8.3  Discussion - Einion 
The invertebrate data at the Einion sites showed evidence of an impoverished 
community.  However, the negligible differences in communities between the 
control and downstream sites, together with the nil chemical results for the 
water and moss samples, eliminated cypermethrin as a possible cause.  
Although families such as Leuctridae, Chloroperlidae and Perlodidae were 
moderately abundant at most sites, many taxa which would be expected for a 
pristine stream were missing.  The reduction in numbers in Plecoptera from 
April to summer months is likely to be due to emergence to adult life stages.  
The almost complete absence of Ephemeroptera suggests that the Einion 
stream is likely to be impacted by acidification (Sutcliffe and Hildrew, 1989).  
This would explain the low abundance and diversity of the communities found 
at these sites. 
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5.9. Synthesis and discussion of intensive study results 
 
At six out of eight study sites the water and bryophyte samples showed no 
evidence of cypermethrin.  However, positive results for cypermethrin were 
found in two bryophyte samples at the Llyn Fach site (up to 2.16 μg kg-1) and 
in a water sample at the Nant Boeth.  The concentration of 9.5ng l-1.observed 
was in excess of those which are toxic to aquatic life (Siegfried, 1993; 
Stephenson, 1982; Anderson,1982; Mian and Mulla, 1992).  This shows that 
forest spraying operations in forestry can cause cypermethrin to enter 
drainage waters at potentially damaging concentrations, although at the Nant 
Boeth site it was effectively retained by a buffer area.  The absence of a buffer 
at Llyn Fach resulted in cypermethrin entering a main drain.  This said, no 
significant impoverishment of invertebrate fauna characteristic of cypermethrin 
pollution was identified in the receiving stream at any of the plots.  This was 
probably because an insufficient quantity of pesticide reached the stream or 
the cypermethrin was effectively diluted by drainage from adjacent untreated 
areas. 
 
 
Figure 5.27 – Average BMWP score for control samples and prespray 
samples compared with post spraying downstream samples.  
 
A synthesis of data from all the intensive study sites is shown in Figure 5.27.  
The data shows almost no difference in BMWP scores between control 
samples and those taken from streams draining areas receiving a forest 
application of cypermethrin.  This confirms that pesticide spraying had little 
effect on the invertebrate communities in receiving streams (Figure 5.28).  
 
 64
An evaluation of the impact of cypermethrin use in forestry on Welsh streams 
September 2010 
 
Figure 5.28 - Average BMWP score for control samples and prespray 
samples compared with post spraying downstream samples at plots 
where cypermethrin was found (Nant Boeth and Llyn Fach).  
 
Nevertheless, the fact cypermethrin became mobilised and entered a  
road/track drain at one of the study sites indicates that forestry spraying 
activities can pose a pollution risk.  This happened despite attention to best 
practice by spraying contractors as witnessed by Forest Research staff.  The 
pollution pathways responsible were thought to be direct spray drift into wet 
weather rivulets or indirectly as runoff from sprayed trees near temporary 
watercourses.  Contractors did not consider that these temporary 
watercourses qualified for the provision of buffer strips.  They also sis not 
check to see whether drainage led directly into a receiving stream.  This is an 
issue in old-style drainage systems where drains are often linked directly to 
watercourses with no intervening buffer strip.  
 
The current Forests & Water Guidelines (FC, 2003) do outline the toxicity of 
synthetic pyrethroids to aquatic fauna.  They also note that buffer areas 
should apply to individual drains if these discharge directly into permanent 
watercourses.  However there is uncertainty about how to deal with 
temporary, minor watercourses.  Since the study shows that contamination of 
minor watercourses can pose a pollution risk if directly connected to main 
watercourses, there is a need to tighten-up guidance in this area.  Training 
and information on recognising sensitive sites and establishing appropriate 
buffer areas is also required to minimise risk.  
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5.10 Extensive Survey 
 
5.10.1 Chemical Results and Discussion 
 
The full chemical results for the bryophyte samples collected from the 
extensive survey sites are given in Appendices 17 and 18.  Figure 5.28 maps 
the distribution of the  results for the 51 FCW and UPM Tilhill sites subject to a 
cypermethrin spray treatment in 2009. 
 
 
Pont Peirian 
Figure 5.28 – Chemical results for bryophyte samples in extensive 
survey. 
 
Only one of the 51 sites gave a positive result for the presence of 
cypermethrin in a bryophyte sample.  This was on the Nant Peirian at Pont 
Peirian (SN7725574001), downstream of the treated Caeau Duon forestry plot 
(SN7750075200).  The bryophyte sample collected on 11th November 2009 
had a concentration of 3.2 µg kg-1.cypermethin with an isomeric profile 
consistent with zeta-cypermethrin.  Unfortunately an immediate follow-up site 
investigatrion was not possible.  This was due to the time lag between 
sampling and laboratory analysis of the bryophyte samples.  When the site 
was later surveyed on 10th March 2010 neither the invertebrate or bryophyte 
samples showed any evidence of cypermethrin pollution. 
 66
An evaluation of the impact of cypermethrin use in forestry on Welsh streams 
September 2010 
 
 
Coupe 27456 
Sprayed 
26/04/09 
Figure 5.29 – Location of positive result found at Pont Peirian in relation 
to sprayed plots. 
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5.10.2 Invertebrate Results and Discussion 
 
 
Downstream of Bryn du Bach 
Downstream of Bryn Rhyd 
3 sites downstream 
of Tilhill Plot Nant 
Figure 5.30 – Pollution categories assigned to downstream invertebrate 
samples during extensive surveys using key given in Appendix 1.  Red 
(1b) = severe impact characteristic of cypermethrin but no corroborative 
evidence, orange (2b) moderate impact characteristic of cypermethrin 
but no corroborative evidence, yellow (3) = impoverished –  cause 
identified and  not cypermethrin, green (4) = impoverished – cause 
unknown but not characteristic of cypermethrin, blue (5) = unpolluted. 
 
Summary invertebrate results are given in Appendices 19 and 20.  There was 
a large amount of variation in the nature of the invertebrate communities 
between streams.  Abundances of taxa sensitive to cypermethrin such as 
Leuctridae, Nemouridae, Perlodidae, Chloroperlidae and Heptageniidae 
varied considerably and many were absent where they would have been 
expected.  BMWP scores and numbers of taxa for all downstream sites were 
also generally lower than what would be expected for streams of this type.  
However, at the vast majority of sites (78%) the invertebrate communities 
were of sufficient quality to be classed as category 5 (unpolluted) (Figure 
5.30).  Three sites downstream of UPM Tilhill plots were given a category 4 
(polluted – cause unknown but not cypermethrin) where communities were 
poorer than would be expected for that type of stream but not characteristic of 
cypermethrin pollution.  Four FCW sites in the SW area were assigned to 
pollution category 3 (polluted – cause identified and not cypermethrin) where 
communities found indicated acidification (i.e. low abundance/absence of 
mayflies but still acid tolerant taxa present such as Leuctridae). 
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A few sites yielded samples that were sufficiently impoverished to suspect 
possible cypermethrin pollution (pollution categories 1 and 2).  Two of these 
were downstream of UPM Tilhill plots at Bryn du Bach and Bryn Rhyd in the 
SW area and were classed as 2b (moderate impact characteristic of 
cypermethrin but chemical samples were negative).  These sites contained 
low abundances of sensitive taxa and had low BMWP scores but the level of 
impact was not sufficient for them to be classed as pollution category 1a or 
1b.  Three sites downstream of the Nant Shingi plot in the SE area showed 
impoverishment of such magnitude to be classed as 1b (severe 
impoverishment characteristic of cypermethrin but no cypermethrin found in 
moss sample). 
 
The invertebrate data for the Perian at Pont Peirian did not reflect the 
recorded positive chemical result for cypermethrin.  It had a BMWP score of 
100 and contained a good number of taxa so it scored a category 5 
(unpolluted).  A possible explanation is that the cypermethrin had passed 
through the system some weeks earlier leaving residues in the moss which 
were not bioactive and the invertebrate fauna had recovered. 
 
 
5.10.3 – Overall discussion of extensive study results 
 
Information given in Appendix 23 suggests that the amount of spraying carried 
out during 2009 was reasonably representative of an average year.  However 
the high summer rainfall meant that the pollution risk would have been greater 
than normal.  Despite this, no convincing evidence of cypermethrin pollution 
was found in either the chemical or biological data at any of the 51 sites.  
There were, however, a number of concerns with the timing of the sampling 
that may have contributed to the negative results. These are discussed below. 
 
The project was not implemented as outlined in the proposal.  This specified 
that sampling should take place shortly after the first significant rainfall 
following spraying.  There were significant delays in the EA receiving 
information on the location of the spraying sites and dates of spraying.  
Appendices 21 and 22 show the number of days delay between spraying 
activities and sampling for FCW and UPM Tilhill sites.  In general the delay in 
sampling meant it was not optimum given the relatively rapid rate of 
degradation of cypermethrin in streams (Lutnicka et al., 1999).  For example, 
Jones (1995), Kidd and James (1992) and Lutnicka et al. (1999) found that 
cypermethrin would degrade to undetectable levels in moss samples in a 
period of 6 weeks to 2 months.  Over 58% of the samples were taken over 
two months after the spraying operations (Appendices 21 and 22) with fewer 
than 12% of sites sampled within one month.  Almost 20% of sites were 
sampled more than 6 months after spraying when detection would have been 
very unlikely. 
 
Such delays may also have reduced the effectiveness of identifying any 
impacts on the invertebrate community.  Matthaei et al. (1996) demonstrated 
rapid stream re-colonisation rates after disturbance due to invertebrate drift, 
finding that total numbers of individuals recovered to previous levels within 30 
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days.  However, this is thought to be less of an issue in the sampled streams 
in the extensive survey.  These comprised small, upland headwaters with low 
rates of expected re-colonisation.  This factor, taken together with the 
negative results for those sites that were sampled on time (41% sampled 
within 2 months of spraying), as well as the findings from the intensive 
studies, indicate that forest spraying is not a source of widespread 
contamination.  Nevertheless the delays between spraying and sampling do 
reduce the confidence of this conclusion. 
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6. Conclusions 
 
 
The intensive study involved eight sites across Wales selected on the basis of 
their vulnerability to pollution.  The results show that spraying cypermethrin in 
forestry poses a relatively small risk of contaminating streams.  Contamination 
of drainage waters was recorded at two sites.  In one case this was at a 
concentration well in excess of the proposed ‘Predicted No Effect 
Concentration’.  A buffer area prevented contamination of an adjacent stream 
but in the other case the cypermethrin reached a main drain due to the 
absence of an adequate buffer.  The drain flowed directly into a stream, where 
dilution appeared to be sufficient to prevent any impact on the invertebrate 
community. 
 
These results were in line with those from the extensive survey.  This found 
cypermethrin present in only one of 51 surveyed sites and evidence of an 
impact on stream invertebrates at another three sites, but with no 
corroborative evidence.  Delays in sampling at around 60% of the extensive 
survey sites reduced confidence in the robustness of the study and the 
conclusions that could be drawn.  However, overall, the findings from the 
combined study show no evidence that forest spraying with cypermethrin is a 
widespread source of contamination of surface waters in Wales.  This 
conclusion is supported by an external review of this work undertaken by the 
National Centre for Environmental Toxicology at WRC (Appendix 24). 
 
Nevertheless, while current best practice in pesticide spraying was found to 
be largely effective in protecting watercourses, some deficiencies were noted.  
These could result in streams becoming contaminated with this highly toxic 
chemical.  Consequently, recommendations are made for a need to tightening 
current guidelines on the use of cypermethrin in forestry.  This would further 
reduce the risk to the aquatic environment.  These relate to the delineation of 
buffer areas around temporary watercourses and ensuring drainage waters 
from treated areas do not discharge directly into streams.  Action has already 
been taken to incorporate the changes in the ongoing revision of the Forests 
& Water Guidelines.  Some improvements in training and the provision of 
information on pollution risk are also recommended. 
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7. Recommendations 
 
A number of changes are recommended to current best practice for 
cypermethrin top-up spraying in forestry to further reduce the risk of polluting 
watercourses.  These are:  
 
• Extending buffer areas to protect boggy areas and flushes that form 
stream sources, even if dry at the time of pesticide spraying.  This may 
require a pre-application site survey during a wet period to correctly 
place buffer zones 
• The Forests and Water Guidelines need to be adjusted to recognise 
the importance of protecting temporary watercourses when designing 
buffer zones. 
• Ensure that cultivation and drainage channels in areas to be sprayed 
discharge to a buffer area and not directly into watercourses  
• Improve training and information for spraying contractors on how to 
identify higher risk sites and delineate effective buffer areas.  There is 
also a need to highlight the extreme toxicity of cypermethrin and the 
threat it poses to the freshwater environment.  This includes requiring 
contractors avoiding any direct contact with watercourses when 
traversing a site. 
The study also supports the continued efforts by the industry to develop 
alternative, non-chemical methods of pest control to further reduce 
cypermethrin use in forestry. 
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Appendix 
 
Appendix 1 
Flow chart to categorise pollution impacts at sites using BMWP score & 
indicator taxa
Is site affected by  
cypermethrin? (Low BMWP, 
loss of sensitive insects & 
crustaceans)
Is impact severe? (BMWP 
<25 or BMWP 25-39 and low 
abundance of sensitive taxa) 
Is there corroborative 
evidence? (Site below 
spraying area)  
Is there corroborative 
evidence? (Positive 
chemical result) 
Is fauna typical of stream type? 
(BMWP score typically >49) 
Is there corroborative evidence of 
pollution other than forestry 
cypermethrin? 
No
Yes
Yes
Yes
Yes
Yes No
1b
YesNo
1a
No
2b
2a 
5
No
No 34 
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Appendix 2 
 
Llyn Fach Chemical Data 
Site Code Sample Date Type 
Cypermethrin conc. 
(µg l-1) 
Cypermethrin 
Conc. (µg kg-1) Cypermethrin ID 
LF1 15-Apr-09 Water <0.002  N/A 
LF1 15-Apr-09 Moss  <1 N/A 
LF2 15-Apr-09 Water <0.002  N/A 
LF2 15-Apr-09 Moss  <1 N/A 
LF3  15-Apr-09 Water <0.002  N/A 
LF3 15-Apr-09 Moss  <1 N/A 
LF4 15-Apr-09 Water <0.002  N/A 
LF4 15-Apr-09 Moss  <1 N/A 
LF5 15-Apr-09 Water <0.002  N/A 
LF5 15-Apr-09 Moss  <1 N/A 
LF6 15-Apr-09 Water <0.002  N/A 
LF6 15-Apr-09 Moss  <1 N/A 
LF7 15-Apr-09 Water <0.002  N/A 
LF7 15-Apr-09 Moss  <1 N/A 
LF1 11-Jun-09 Moss  <1 N/A 
LF1 11-Jun-09 Water <0.002  N/A 
LF2 11-Jun-09 Water <0.002  N/A 
LF2 11-Jun-09 Moss  <1 N/A 
LF3  11-Jun-09 Water <0.002  N/A 
LF3  11-Jun-09 Moss  <1 N/A 
LF4 11-Jun-09 Water <0.002  N/A 
LF4 11-Jun-09 Moss  <1 N/A 
LF5 11-Jun-09 Moss  <1 N/A 
LF5 11-Jun-09 Water <0.002  N/A 
LF6 11-Jun-09 Moss  2.16 Zeta-type cypermethrin 
LF6 11-Jun-09 Water <0.002  N/A 
LF7 11-Jun-09 Water <0.002  N/A 
LF7 11-Jun-09 Moss  <1 N/A 
LF1 28-Jul-09 Moss  <1 N/A 
LF1 28-Jul-09 Water <0.002  N/A 
LF2 28-Jul-09 Water <0.002  N/A 
LF2 28-Jul-09 Moss  <1 N/A 
LF3 28-Jul-09 Water <0.002  N/A 
LF3  28-Jul-09 Moss  <1 N/A 
LF4 28-Jul-09 Water <0.002  N/A 
LF4 28-Jul-09 Moss  <1 N/A 
LF5 28-Jul-09 Water <0.002  N/A 
LF5 28-Jul-09 Moss  <1 N/A 
LF6 28-Jul-09 Moss  <1 N/A 
LF6 28-Jul-09 Water <0.002  N/A 
LF7 28-Jul-09 Moss  <1 N/A 
LF7 28-Jul-09 Water <0.002  N/A 
Small stream 
SN9069204183 28-Jul-09 Moss  1.56 Zeta-type cypermethrin 
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Llyn Fach Invertebrate Data 
Site Code LF3 (c) LF3 (c) LF3 (c) LF2 LF2 LF2 LF1 LF1 LF1 
Date 15.04.09 11.06.09 28.07.09 15.04.09 11.06.09 28.07.09 15.04.09 11.06.09 28.07.09 
Hydrobiidae         1       2 
Lymnaeidae     1             
Planorbidae         1         
Ancylidae     1             
Oligochaeta 1 8 6   5 7   3 4 
Erpobdellidae               1 1 
Hydracarina   2 3   1   1 4 1 
Crangonyctidae           1       
Gammaridae             1 1 1 
Collembola     1             
Sminthuridae           1       
Baetidae 46 149 106 99 57 26 212 530 147 
Heptageniidae 159 108 48 135 100 13 46 24 33 
Leptophlebiidae       1     1     
Ephemerellidae   14 29   4 8 1 102 5 
Taeniopterygidae 1     5           
Nemouridae 17 10 2 9 3   1 1 1 
Leuctridae 61 282 208 49 144 42 65 413 105 
Perlodidae 3 2   3 1   1     
Chloroperlidae 4 6   9     1 2   
Veliidae         2         
Dytiscidae   1         1 15 1 
Gyrinidae 1                 
Hydrophilidae           1       
Hydraenidae   1 3   3 1 4 4   
Scirtidae 1 6 4 1 1 4     2 
Elmidae 30 42 47 8 9 5 10 19 6 
Curculionidae         3         
Rhyacophilidae   2 3 1 1 1   4 2 
Glossosomatidae         1   1     
Hydroptilidae             3     
Polycentropodidae 1 4   1 3     2   
Hydropsychidae 2 3   3 2 1       
Limnephilidae   2     1 1     1 
Goeridae 2 1               
Sericostomatidae   3     1         
Odontoceridae   3 1   2         
Tipulidae               2 1 
Psychodidae               1   
Simuliidae   119 37   111 50   61 19 
Chironomidae 4 97 3 1 193 2 34 138 3 
Tabanidae 1           2     
Empididae         3         
Nematomorpha 1 1     2 2   5 1 
Pediciidae   6 17   14 12 2 13 8 
BMWP 101 150 95 102 131 87 112 102 95 
ASPT 6.73 6.82 5.94 7.29 6.24 5.8 7 6 5.59 
No Of Taxa 15 22 16 14 21 15 16 17 17 
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Nant Boeth Chemical Data 
Site Code Sample Date Sample Type 
Cypermethrin 
conc. (µg l-1) 
Cypermethrin 
Conc. (µg kg-1) Cypermethrin ID 
NB1 17-Apr-09 Water <0.002  N/A 
NB1 17-Apr-09 Moss  <1 N/A 
NB2 17-Apr-09 Water <0.002  N/A 
NB2 17-Apr-09 Moss  <1 N/A 
NB3 17-Apr-09 Water <0.002  N/A 
NB3 17-Apr-09 Moss  <1 N/A 
NB4 17-Apr-09 Water <0.002  N/A 
NB4 17-Apr-09 Moss  <1 N/A 
NB5 17-Apr-09 Water <0.002  N/A 
NB5 17-Apr-09 Moss  <1 N/A 
NB6 17-Apr-09 Water <0.002  N/A 
NB6 17-Apr-09 Moss  <1 N/A 
NB7 17-Apr-09 Water <0.002  N/A 
NB7 17-Apr-09 Moss  <1 N/A 
NB1 17-Jun-09 Water <0.002  N/A 
NB1 17-Jun-09 Moss  <1 N/A 
NB2 17-Jun-09 Water <0.002  N/A 
NB2 17-Jun-09 Moss  <1 N/A 
NB3 17-Jun-09 Water <0.002  N/A 
NB3 17-Jun-09 Moss  <1 N/A 
NB4 17-Jun-09 Water <0.002  N/A 
NB4 17-Jun-09 Moss  <1 N/A 
NB5 17-Jun-09 Water <0.002  N/A 
NB5 17-Jun-09 Moss  <1 N/A 
NB6 17-Jun-09 Moss  <1 N/A 
NB7 17-Jun-09 Water 0.095  Zeta-type cypermethrin 
NB7 17-Jun-09 Moss  <1 N/A 
NB1 27-Jul-09 Moss  <1 N/A 
NB1 27-Jul-09 Water <0.002  N/A 
NB2 27-Jul-09 Moss  <1 N/A 
NB2 27-Jul-09 Water <0.002  N/A 
NB3 27-Jul-09 Moss  <1 N/A 
NB3 27-Jul-09 Water <0.002  N/A 
NB4 27-Jul-09 Water <0.002  N/A 
NB4 27-Jul-09 Moss  <1 N/A 
NB5 27-Jul-09 Water <0.002  N/A 
NB5 27-Jul-09 Moss  <1 N/A 
NB6 27-Jul-09 Water <0.002  N/A 
NB6 27-Jul-09 Moss  <1 N/A 
NB7 27-Jul-09 Moss  <1 N/A 
NB7 27-Jul-09 Water <0.002  N/A 
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Raw Invertebrate Data – Nant Boeth 
Site Code NB3 (c) NB3 (c) NB3 (c) NB1 NB1 NB1 NB2 NB2 NB2 
Date 17.04.09 17.06.09 27.07.09 17.04.09 17.06.09 27.07.09 17.04.09 17.06.09 27.07.09 
Oligochaeta   17 4     5   1 3 
Hydracarina 1   1     1     1 
Collembola     5   1         
Baetidae             1 3 4 
Taeniopterygidae 8     2     13     
Nemouridae 95 10 11 335 2 5 494 80 12 
Leuctridae 34 2 26 111 1 43 80   70 
Perlodidae             3     
Chloroperlidae 12     23 2   14 1   
Coenagriidae 1                 
Cordulegasteridae 8 18 12         1 2 
Veliidae   6 1   1 2   4   
Dytiscidae 3 6 3 1 2 2   23 3 
Hydrophilidae   3 2   1 1   1   
Curculionidae   4 1   5     67 19 
Rhyacophilidae   1       2 2 7 10 
Psychomyiidae                 1 
Polycentropodidae 25 12 7 30 21 11 32 14 13 
Limnephilidae 77 24 10 50 8 9 16 10 8 
Goeridae             1     
Tipulidae   1     1 5     2 
Limoniidae       2 1   1     
Psychodidae                 1 
Simuliidae 26 15 75 284 7 22 43 19 200 
Chironomidae 21 28 42 52 36 28 6 22 56 
Empididae       9 1 2     2 
Planariidae           1       
Nematomorpha           1       
Pediciidae   11 14 7 9 9 4 12 29 
BMWP 77 69 62 68 63 66 94 73 76 
ASPT 7 5.75 5.64 6.8 6.3 5.5 7.23 5.62 5.85 
No Of Taxa 11 12 11 10 10 12 13 13 13 
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Clywedog plots A and B Chemical data 
Site Code Sample Date Sample Type 
Cypermethrin 
Conc. (µg kg-1) 
Cypermethrin 
ID 
CF1 23-Apr-09 Bryophyte <0.002 N/A 
CF2 23-Apr-09 Bryophyte <0.002 N/A 
CF3 23-Apr-09 Bryophyte <0.002 N/A 
CF4 23-Apr-09 Bryophyte <0.002 N/A 
CF5 23-Apr-09 Bryophyte <0.002 N/A 
CF6 23-Apr-09 Bryophyte <0.002 N/A 
CF7 23-Apr-09 Bryophyte <0.002 N/A 
CF8 23-Apr-09 Bryophyte <0.002 N/A 
CF1 10-Jun-09 Bryophyte <0.002 N/A 
CF2 10-Jun-09 Bryophyte <0.002 N/A 
CF3 10-Jun-09 Bryophyte <0.002 N/A 
CF4 10-Jun-09 Bryophyte <0.002 N/A 
CF5 10-Jun-09 Bryophyte <0.002 N/A 
CF6 10-Jun-09 Bryophyte <0.002 N/A 
CF7 10-Jun-09 Bryophyte <0.002 N/A 
CF8 10-Jun-09 Bryophyte <0.002 N/A 
CF1 06-Aug-09 Bryophyte <0.002 N/A 
CF2 06-Aug-09 Bryophyte <0.002 N/A 
CF3 06-Aug-09 Bryophyte <0.002 N/A 
CF4 06-Aug-09 Bryophyte <0.002 N/A 
CF5 06-Aug-09 Bryophyte <0.002 N/A 
CF6 06-Aug-09 Bryophyte <0.002 N/A 
CF7 06-Aug-09 Bryophyte <0.002 N/A 
CF8 06-Aug-09 Bryophyte <0.002 N/A 
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Clywedog Plot B Invertebrate data 
Site Code CF7 CF7 CF7 CF6 CF6 CF6 CF2 CF2 CF3 
Date 23.04.09 10.06.09 06.08.09 23.04.09 10.06.09 06.08.09 23.04.09 10.06.09 19.08.09 
Planorbidae             1     
Sphaeriidae     4   1   1     
Oligochaeta 17 72 35 2 11 5   6 5 
Hydracarina 1   1 2 1     1   
Niphargidae     2     1       
Collembola   3 4 1 6 6     1 
Poduridae                   
Baetidae   6   4 74 2 4 95 41 
Heptageniidae       1     1 4   
Leptophlebiidae       1           
Ephemerellidae       1       3   
Taeniopterygidae             2     
Nemouridae 69 22 99 24 31 30 18   35 
Leuctridae 54   13 17 4 40 76 11 72 
Perlodidae         1   19 10 3 
Chloroperlidae 70 38   30 82 1 28 17   
Coenagriidae   1               
Cordulegasteridae 2 4 9 4 3 1 2 1 1 
Veliidae 1         1   1   
Gerridae       1           
Dytiscidae 4 3     1     7   
Gyrinidae 1                 
Hydrophilidae 2     2   1     1 
Hydraenidae             15 6 27 
Scirtidae                 9 
Elmidae       1 1 1 67 23 39 
Curculionidae     2   9 1   3   
Sialidae               2   
Rhyacophilidae     1   5 20 3 5 18 
Hydroptilidae                 1 
Philopotamidae                 1 
Polycentropodidae 9 7 5 12 13   8 3 1 
Hydropsychidae             3 2   
Lepidostomatidae     1       1     
Limnephilidae 70 27 19 40   7 18 16 7 
Goeridae       1       5 1 
Lepidoptera   1               
Tipulidae 2           3     
Limoniidae 3   1             
Psychodidae   1               
Simuliidae 107 20 64 3 133 81 17 1 74 
Chironomidae 47 37 121 9 124 178 35 29 5 
Tabanidae       1       1   
Empididae         1 5 2 1   
Planariidae 2 2 1             
Nematomorpha   1           3   
Pediciidae   13 2   13 9   7 29 
BMWP 82 72 83 116 89 82 133 130 112 
ASPT 5.86 5.54 5.93 6.82 5.93 5.86 6.65 6.5 6.22 
No Of Taxa 14 13 14 17 15 14 20 20 18 
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Clywedog Plot A – Invertebrate Data 
Site Code CF6 (c) CF6 (c) CF3 (c) CF4 CF4 CF2 CF2 CF2 CF1 CF1 CF1 
Date 23.04.09 10.06.09 19.08.09 10.06.09 06.08.09 23.04.09 10.06.09 06.08.09 23.04.09 10.0609 06.08.09 
Planorbidae           1           
Sphaeri   1       1           
Oligochaeta 2 11 5 23 9   6 1     2 
Hydracarina 2 1    1    1 5     2 
Niphargidae        1              
Collembola 1 6 1   5     6       
Poduridae         1             
Baetidae 4 74 41 71 15 4 95 86 21 69 7 
Heptageniidae 1     6   1 4   5 1 1 
Leptophlebiidae 1                     
Ephemerellidae 1     1     3 3   14 5 
Taeniopterygidae       1   2     8     
Nemouridae 24 31 35 17 10 18   9 9 4   
Leuctridae 17 4 72 20 7 76 11 11 43 35 20 
Perlodidae   1 3 8   19 10 1 16 22   
Chloroperlidae 30 82   21    17 1 5 12   
Coenagriidae                       
Cordulegasteridae 4 3 1 5 2 2 1         
Veliidae        2   1       1 
Gerridae 1                     
Dytiscidae   1   1    7 2 1 1 5 
Gyrinidae                       
Hydrophilidae 2   1 1       3       
Hydraenidae     27 3   15 6 4 9 24 9 
Scirtidae     9         3 4 3 5 
Elmidae 1 1 39 2   67 23 89 5 26 8 
Curculionidae   9   8 4   3       1 
Sialidae             2 2       
Rhyacophilidae   5 18 5 4 3 5 6 5 11 10 
Glossosomatidae                 1     
Hydroptilidae     1                 
Philopotamidae     1           1     
Polycentropodidae 12 13 1  1  8 3 4   3 2 
Hydropsychidae        1  3 2   1 10   
Lepidostomatidae           1           
Limnephilidae 40   7 9 6 18 16 2 4 11 5 
Goeridae 1   1 3 3   5 1 1 2   
Sericostomatidae                 1     
Tipulidae       1 1 3         1 
Psychodidae                   1   
Dixidae        1              
Simuliidae 3 133 74 50 14 17 1 22 11 6 10 
Chironomidae 9 124 5 34 15 35 29 3 65 234 13 
Tabanidae 1           1     3   
Empididae   1    2  2 1   1     
Nematomorpha             3         
Pediciidae   13 29 4 3   7 7 4 1 3 
BMWP 116 89 112 149 71 133 130 119 140 129 88 
ASPT 6.82 5.93 6.22 6.77 5.92 6.65 6.5 6.26 7 6.79 5.87 
No Of Taxa 17 15 18 22 12 20 20 19 20 19 15 
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Bryn Moel Chemical Data 
Site Code Sample Date Sample Type 
Cypermethrin conc. 
(µg l-1) 
Cypermethrin Conc. 
(µg kg-1) Cypermethrin ID 
BM1 11.09.09 Water <0.002  N/A 
BM1 11.09.09 Moss  <1 N/A 
BM2 11.09.09 Water <0.002  N/A 
BM2 11.09.09 Moss  <1 N/A 
BM3 11.09.09 Water <0.002  N/A 
BM3 11.09.09 Moss  <1 N/A 
BM4 11.09.09 Water <0.002  N/A 
BM4 11.09.09 Moss  <1 N/A 
BM1 05.10.09 Water <0.002  N/A 
BM1 05.10.09 Moss  <1 N/A 
BM2 05.10.09 Water <0.002  N/A 
BM2 05.10.09 Moss  <1 N/A 
BM3 05.10.09 Water <0.002  N/A 
BM3 05.10.09 Moss  <1 N/A 
BM4 05.10.09 Water <0.002  N/A 
BM4 05.10.09 Moss  <1 N/A 
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Bryn Moel Invertebrate Data  
Site Code BM2 (c) BM2 (c) BM1 BM1 BM3 BM3 
Date 11.09.09 05.10.09 11.09.09 05.10.09 11.09.09 05.10.09 
Planorbidae         2   
Oligochaeta 41 6 16 4 21 7 
Hydracarina 2 1     4 6 
Collembola 1 1   1     
Baetidae     2 1 231 10 
Ephemeridae         1   
Taeniopterygidae             
Nemouridae 6 3 8 3 7 1 
Leuctridae 83 123 59 55 103 32 
Perlodidae         6 4 
Chloroperlidae           1 
Coenagriidae             
Cordulegasteridae 1           
Veliidae     1       
Corixidae       1     
Dytiscidae 4 1   1 17   
Hydrophilidae 2           
Hydraenidae         1 1 
Elmidae         121 14 
Curculionidae             
Sialidae 1   1       
Rhyacophilidae 8 2 3 1 36 9 
Polycentropodidae 14 15 5 8 1   
Hydropsychidae         1 1 
Limnephilidae 8 1 11 10 7 1 
Goeridae         1   
Tipulidae       1 1   
Limoniidae 4 1         
Simuliidae 18 4 15 30 19 13 
Chironomidae 40 36 8 90 13 48 
Empididae 29 1 3 11     
Planariidae           1 
Pediciidae 3 1 4 5 12 1 
BMWP 73 56 59 65 108 88 
ASPT 5.62 5.6 5.36 5.42 6 5.87 
No Of Taxa 13 10 11 12 18 15 
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Glasgwm chemical Data 
Site Code Sample Date Sample Type 
Cypermethrin conc. 
(µg l-1) 
Cypermethrin Conc. 
(µg kg-1) Cypermethrin ID 
GG1 30.04.09 Water <0.002  N/A 
GG1 30.04.09 Moss  <1 N/A 
GG2 30.04.09 Water <0.002  N/A 
GG2 30.04.09 Moss  <1 N/A 
GG3 30.04.09 Water <0.002  N/A 
GG3 30.04.09 Moss  <1 N/A 
GG4 30.04.09 Water <0.002  N/A 
GG4 30.04.09 Moss  <1 N/A 
GG1 22.06.09 Water <0.002  N/A 
GG1 22.06.09 Moss  <1 N/A 
GG2 22.06.09 Water <0.002  N/A 
GG2 22.06.09 Moss  <1 N/A 
GG3 22.06.09 Water <0.002  N/A 
GG3 22.06.09 Moss  <1 N/A 
GG4 22.06.09 Water <0.002  N/A 
GG4 22.06.09 Moss  <1 N/A 
GG1 17.08.09 Water <0.002  N/A 
GG1 17.08.09 Moss  <1 N/A 
GG2 17.08.09 Water <0.002  N/A 
GG2 17.08.09 Moss  <1 N/A 
GG3 17.08.09 Water <0.002  N/A 
GG3 17.08.09 Moss  <1 N/A 
GG4 17.08.09 Water <0.002  N/A 
GG4 17.08.09 Moss  <1 N/A 
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Glasgwm Invertebrate Data 
Site Code 
GG1 
(c) 
GG1 
(c) 
GG1 
(c) GG2 GG2 GG2 GG3 GG3 GG3 GG4 GG4 GG4 
Date 30.04.09 22.06.09 17.08.09 30.04.09 22.06.09 17.08.09 30.04.09 22.06.09 17.08.09 30.04.09 22.06.09 17.08.09 
Taxa                         
Zonitidae                 1       
Oligochaeta 6 2 2     1 1 18 6 4 14 24 
Hydracarina               3 4 1 7 2 
Oribatei   1             1       
Collembola   3 1   1 1     1       
Siphlonuridae   2           1         
Baetidae   40 12   7 5   332 84 2 290 361 
Heptageniidae                       1 
Ephemerellidae                       1 
Taeniopterygidae 1           1           
Nemouridae 82 5 11 18 2 13 3   7 29 1 194 
Leuctridae 101 6 49 32   35 138 39 23 170 38 38 
Perlodidae       1     33 2   100 14 8 
Chloroperlidae 7           40 26   41 63   
Cordulegasteridae 2 1 1   1   1           
Veliidae           1   5         
Dytiscidae   4 5 4 13 2 3 3 2   1   
Hydrophilidae 1     2                 
Hydraenidae                       1 
Scirtidae                     1 1 
Elmidae             5 5 11 29 15 114 
Curculionidae   33     1       2       
Rhyacophilidae 2   1       2 4 9 6 18 22 
Polycentropodidae 16 13 4 9 6 1 5 6   2   2 
Hydropsychidae                   2 2   
Limnephilidae 10 1 3 16 5 2 4 1 11   1 16 
Sericostomatidae                       4 
Tipulidae         2   2       1 2 
Limoniidae                       1 
Ceratopogonidae       1                 
Simuliidae 14 18 30 9 14 9 4 12 13   74 99 
Chironomidae 13 33 20 53 47 24 8 55 10 20 564 85 
Empididae         1   1 1     1 2 
Ephydridae                 1       
Planariidae       19 6 6             
Pediciidae 6   1 1 2 10   3 4 6 29 21 
BMWP 84 66 68 68 55 58 99 88 58 73 88 110 
ASPT 6.46 6 5.67 6.18 5.5 5.27 6.6 6.29 5.27 6.08 5.87 6.47 
No Of Taxa 13 11 12 11 10 11 15 14 11 12 15 17 
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Rhyd Wen chemical data 
Site Code Sample Date Sample Type 
Cypermethrin conc. 
(µg l-1) 
Cypermethrin Conc. 
(µg kg-1) Cypermethrin ID 
RW1 27.04.09 Water <0.002  N/A 
RW1 27.04.09 Moss  <1 N/A 
RW2 27.04.09 Water <0.002  N/A 
RW2 27.04.09 Moss  <1 N/A 
RW3 27.04.09 Water <0.002  N/A 
RW3 27.04.09 Moss  <1 N/A 
RW4 27.04.09 Water <0.002  N/A 
RW4 27.04.09 Moss  <1 N/A 
RW1 15.06.09 Water <0.002  N/A 
RW1 15.06.09 Moss  <1 N/A 
RW2 15.06.09 Water <0.002  N/A 
RW2 15.06.09 Moss  <1 N/A 
RW3 15.06.09 Water <0.002  N/A 
RW3 15.06.09 Moss  <1 N/A 
RW4 15.06.09 Water <0.002  N/A 
RW4 15.06.09 Moss  <1 N/A 
RW1 18.08.09 Water <0.002  N/A 
RW1 18.08.09 Moss  <1 N/A 
RW2 18.08.09 Water <0.002  N/A 
RW2 18.08.09 Moss  <1 N/A 
RW3 18.08.09 Water <0.002  N/A 
RW3 18.08.09 Moss  <1 N/A 
RW4 18.08.09 Water <0.002  N/A 
RW4 18.08.09 Moss  <1 N/A 
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Rhyd Wen Invertebrate Data 
Site Code RW1 RW1 RW1 RW2 RW2 RW2 RW3 RW3 RW3 RW4 RW4 RW4 
Date 27.04.09 15.06. 09 18.08.09 27.04.09 15.06.09 18.08.09 27.04.09 15.06.09 18.08.09 27.04.09 15.06.09 18.08.09 
Ancylidae             2 4 9       
Oligochaeta 5 20 32 12 8 20 4     6 1 7 
Hydracarina   6     1 2 1 5 7 1   3 
Collembola 1 2 10                   
Siphlonuridae                     5   
Baetidae   1 22   2 7 27 19 73   9 19 
Heptageniidae             49 4 7       
Ephemerellidae               2 19       
Taeniopterygidae 7     86     10     3     
Nemouridae 367 70 20 6 1   8 4 51 51 7 5 
Leuctridae 36 15 121 193 10 25 140 15 64 38 6 24 
Perlodidae 50 4 19 2   2 36 6 3 2 2   
Chloroperlidae 48 35   15 2   10 1 1 25 7   
Veliidae 3 5 14     2             
Gerridae   7                     
Notonectidae           3             
Dytiscidae 9 25 25     1 6 8 5   5   
Hydrophilidae 2 20 15   1 4         1 3 
Hydraenidae             3 2 7       
Scirtidae             2 1 2       
Elmidae     1       42 16 29     1 
Rhyacophilidae     3     8 13 21 23 2 3 13 
Psychomyiidae     1                   
Polycentropodidae 1 8 13 4 3   1 1   7 10 2 
Hydropsychidae               1         
Limnephilidae 21 25 151 1   1     4     5 
Goeridae             1           
Sericostomatidae             1 1         
Odontoceridae               1         
Diptera     1488                   
Limoniidae 12           1         3 
Dicranota       29                 
Ceratopogonidae             1           
Simuliidae 22 40 1300 67 438 300 10 500 67 50 169 408 
Chironomidae 34 400 161 20 246 400 88 400 37 27 140 300 
Empididae 4 1 4 8 10 30 3 3   6 11 20 
Planariidae   1   2       2         
Dendrocoelidae                   2     
Pediciidae 47 35 22   19 20 3 5 6 8 17 17 
BMWP 84 88 88 79 56 66 134 143 113 79 88 65 
ASPT 6.46 5.87 5.87 6.58 5.6 5.5 6.7 6.81 6.65 6.58 6.29 5.42 
No Of Taxa 13 15 15 12 10 12 20 21 17 12 14 12 
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Einion Chemical Data 
Site Code Sample Date Sample Type 
Cypermethrin conc. 
(µg l-1) 
Cypermethrin Conc. 
(µg kg-1) Cypermethrin ID 
EN1 28.04.09 Water <0.002  N/A 
EN1 28.04.09 Moss  <1 N/A 
EN2 28.04.09 Water <0.002  N/A 
EN2 28.04.09 Moss  <1 N/A 
EN3 28.04.09 Water <0.002  N/A 
EN3 28.04.09 Moss  <1 N/A 
EN1 23.06.09 Water <0.002  N/A 
EN1 23.06.09 Moss  <1 N/A 
EN2 23.06.09 Water <0.002  N/A 
EN2 23.06.09 Moss  <1 N/A 
EN3 23.06.09 Water <0.002  N/A 
EN3 23.06.09 Moss  <1 N/A 
EN1 11.08.09 Water <0.002  N/A 
EN1 11.08.09 Moss  <1 N/A 
EN2 11.08.09 Water <0.002  N/A 
EN2 11.08.09 Moss  <1 N/A 
EN3 11.08.09 Water <0.002  N/A 
EN3 11.08.09 Moss  <1 N/A 
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Einion Invertebrate Data 
Site Code EN1 (c) EN1 (c) EN1 (c) EN2 EN2 EN2 EN3 EN3 EN3 
Date 28.4.09 23.6.09 11.8.09 28.4.09 23.6.09 11.8.09 28.4.09 23.6.09 11.8.09 
Taxa                   
Oligochaeta 4 7 1 6 7 23 6   5 
Hydracarina 1 1     3     7   
Collembola       1           
Baetidae           1   1 4 
Taeniopterygidae 7           1     
Nemouridae 6 6 8 37 11 6 13 1 3 
Leuctridae 80 11 8 3 176 32 23   3 
Perlodidae 9   5 11 6 1 14     
Chloroperlidae 2 2   21 17   9 12 2 
Notonectidae   1               
Dytiscidae 1 3     1 1   2 1 
Gyrinidae           1       
Hydrophilidae   1 1             
Rhyacophilidae   2     8 36 1 1 3 
Polycentropodidae 18 16 12 10 7 5   1 2 
Lepidostomatidae             1     
Limnephilidae 4 3 4 1         3 
Diptera 51             101   
Limoniidae     1         2   
Simuliidae 11 6 11 24 275 120 53 30 27 
Chironomidae 36 40 30 3 171 12 13 65 34 
Empididae             2 1   
Planariidae           2       
Dugesiidae         2   5     
Dendrocoelidae       4           
Pediciidae 2 2 1 4 11 12   2 10 
BMWP 79 76 59 69 74 73 77 52 70 
ASPT 6.58 5.85 5.9 6.27 6.17 5.62 7 5.78 5.83 
No Of Taxa 12 13 10 11 12 13 11 9 12 
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Extensive chemical results for FCW plots 
Plot Data Downstream site data 
Coupe 
Ref Grid Ref Site Name Grid ref Sample Date 
Cypermethrin 
Conc. (µg kg-1) 
Cypermethrin 
ID 
19107 SH684301 Eden Pont y Grible SH7083530515 01/12/2009 <1 N/A 
23225 SH865018 Nant Cwm Bustach, Cwm Bychan Bach SH8520102684 01/12/2009 <1 N/A 
23416 SH671056 Nant Gwernol d/s Nant Foel Fawr SH6757407051 01/12/2009 <1 N/A 
26204 SN721826 Nant Cwm-y-graig SN7137381823 11/11/2009 <1 N/A 
27304 SN803803 Nant Rhiw'r Oedd SN7981979548 11/11/2009 <1 N/A 
27421 SN788763 D/S conf Peirian and Hylles SN7777275132 11/11/2009 <1 N/A 
27456 SN775752 D/S Pont Peirian SN7725574001 11/11/2009 3.2 Trans rich 
32223 SN588647 Nant Peris SN5875164868 12/11/2009 <1 N/A 
32271 SN575651 Afon Peris SN5677666137 12/11/2009 <1 N/A 
32490 SN575667 Nant Rhydroser SN5677167599 12/11/2009 <1 N/A 
38115 SH956575 Nant Brenig u/s Llyn Brenig SH9621157265 10/11/2009 <1 N/A 
39401 SJ018550 A. Corris d/s Confluence SJ0311855962 10/11/2009 <1 N/A 
42211 SH965246 D/S Forest SH9641324519 10/11/2009 <1 N/A 
43106 SJ046241 D/S Forest SJ0456922809 10/11/2009 <1 N/A 
48800 SN840915 E/F site SN8453991585 11/11/2009 <1 N/A 
56139 SN474322 Nant Alltwalisd/s plot SN4694633125 09/11/2009 <1 N/A 
56542 SN485312 Afon Pib SN4920931338 09/11/2009 <1 N/A 
80435 SN903005 Panwaun Pen-y-coetgae south stream SN8947400142 05/11/2009 <1 N/A 
    Nant Melyn SN8951900673 05/11/2009 <1 N/A 
80542 SS870972 Corrwg Trib SS8637497216 05/11/2009 <1 N/A 
80653 SS900985 Nant Allor SS8814399363 05/11/2009 <1 N/A 
    Gwynfi SS8947297889 05/11/2009 <1 N/A 
49310 SO021767 
Cwm Cyncoed upstream Clywedog 
Brook SO0669871306 12/11/2009 <1 N/A 
49706 SO026726 Clywedog Tributary at Lower Cwm Hir SO0406070504 12/11/2009 <1 N/A 
49810 SO057723 Cwm Poeth at St. Mary Abbey SO0542671276 12/11/2009 <1 N/A 
    Clywedog Brook at Abbey Cwm Hir SO0497370993 12/11/2009 <1 N/A 
50124 SO158856 50124 SO1650084900 03/12/2009 <1 N/A 
50224 SO196859 50224 SO1990085400 03/12/2009 <1 N/A 
50313 SO194834 50313 SO1970083900 03/12/2009 <1 N/A 
51370 SO179653 Downstream Cwm y Gyrwyn Forrest SO2001167031 01/10/2009 <1 N/A 
77301 ST430953 Castrogi Brook at Lower Lodge ST4400395641 11/11/2009 <1 N/A 
77302 ST431948 Nant y Pridd upstream Pandy Farm ST4441394762 11/11/2009 <1 N/A 
84103 SS946994 Nant Coedcaetyle Forest above Treherbert SS9407798723 11/11/2009 <1 N/A 
    Nant y Ynysfeio at Ynyswen SS9570498170 11/11/2009 <1 N/A 
84284 SS911991 Nant y Gwair SS9218598927 05/11/2009 <1 N/A 
    Nant Berw Wion SS9219998997 05/11/2009 <1 N/A 
    Nant y Ychen at Blaencwm SS9193999144 11/11/2009 <1 N/A 
    Nant Berw Wion at Blaencwm SS9195299154 11/11/2009 <1 N/A 
    Nant y Gwair at Blaencwm SS9207698927 11/11/2009 <1 N/A 
N.B. Coupe number is a reference system used by FCW for plots which were also 
used in this study for ease of referencing spray areas. 
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 Extensive chemical results for UPM Tilhill plots 
Plot Data Downstream Site Data 
Name Grid Ref Site Name Grid ref 
Sample 
Date 
Cypermet-
hrin Conc. 
(µg kg-1) 
Cyperme-
thrin ID 
Glan Aeron SN6124465728 14/10/2009 <1 N/A 
Trib of Aeron SN6077265953 14/10/2009 <1 N/A 
Bronnant 
  
  
SN610663 
  
  Nant Ddu at Bontnewydd SN6184865822 14/10/2009 <1 N/A 
Bryn du Bach SN668524 Nant Goch d/s plot SN6736251688 14/10/2009 <1 N/A 
Bryn Rhyd SN685522 Nant Bryn Du SN6738151806 14/10/2009 <1 N/A 
Coed Ifan SN823438 Trib of Cynon SN8204943515 04/09/2009 <1 N/A 
Glynsaer 14/15 SN850424 D/S both Glynsaer plots SN8458342195 04/09/2009 <1 N/A 
Glynsaer 6 SN850423 D/S both Glynsaer plots SN8458342195 04/09/2009 <1 N/A 
Troed Yr Rhiw SN514363 D/S plot SN5175235727 15/10/2009 <1 N/A 
Nant Alltwallis d/s bridge SN4187729255 15/10/2009 <1 N/A 
The Mill 
  
SN423295 
  
Nant Alltwallis u/s conf with 
Aeron SN4202029454 15/10/2009 <1 N/A 
Esgair Uchaf SN806551 Tywi d/s plot SN8050254477 17/04/2009 <1 N/A 
Hafdre SN805542 D/S Hafdre SN8051154364 17/09/2009 <1 N/A 
Nant y Bai & 
Erwr Hwch SN782444 Nant y Bai village SN7752544552 17/09/2009 <1 N/A 
Nant yr Onen SN765440 Cwmsaeth isaf SN7720343947 17/09/2009 <1 N/A 
Nant Lletgwial upstream Irfon SN8579247651 01/10/2009 <1 N/A Dinas Cpt 7 
  
SN851468 
  Nant Gyrnant upstream Irfon SN8614147523 01/10/2009 <1 N/A 
Hen Nant upstream Irfon SN8474852952 17/09/2009 <1 N/A 
Irfon downstream Hen Nant SN8479952907 17/09/2009 no  moss N/A 
Tributary upstream Irfon SN8486052855 17/09/2009 <1 N/A 
Nant Shingi 
  
  
  
SN845525 
  
  
  Irfon d/s Unnamed Tributary SN8491252852 17/09/2009 no  moss N/A 
Ceulan SN855976 Twymyn at Pennant SN8800497709 15/10/2009 <1 N/A 
Cae Gwian, 
Barmouth SH644196 Dwynant at Goetre Uchaf SH6404618611 19.10.09 <1 N/A 
Maesycilyn, 
Macynlleth SN729973 Llyfnant @ Caerhedyn SN7087097600 15.10.09 <1 N/A 
Gribyn CPt 12 SN925936 D/S Gribyn CPT 12 SN9298691742 01/12/2009 <1 N/A 
Gribyn Cpt 3 SN919928 D/S Gribyn CPT3 SN9171592262 01/12/2009 <1 N/A 
Nant Gwidol SH8280100302 1.12.09 <1 N/A Coed Gwidol, 
Tal Y Wern 
  SN994864 Nant Gwidol @ Tal Y Wern SH8280100302 1.12.09 <1 N/A 
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Plot Data Downstream Site Data 
Name Grid Ref Site Name Grid ref 
Sample 
Date 
BMWP 
Score 
No. of 
taxa 
Pollution 
Category 
Glan Aeron SN6124465728 14/10/2009 94 13 5 
Trib of Aeron SN6077265953 14/10/2009 65 12 5 Bronnant 
  
  
SN610663 
  
  Nant Ddu at Bontnewydd SN6184865822 14/10/2009 62 11 5 
Bryn du Bach SN668524 Nant Goch d/s plot SN6736251688 14/10/2009 51 7 2b 
Bryn Rhyd SN685522 Nant Bryn Du SN6738151806 14/10/2009 44 8 2b 
Coed Ifan SN823438 Trib of Cynon SN8204943515 04/09/2009 117 18 5 
Glynsaer 14/15 SN850424 D/S both Glynsaer plots SN8458342195 04/09/2009 103 15 5 
Glynsaer 6 SN850423 D/S both Glynsaer plots SN8458342195 04/09/2009 103 15 5 
Troed Yr Rhiw SN514363 D/S plot SN5175235727 15/10/2009 76 12 5 
Nant Alltwallis d/s bridge SN4187729255 15/10/2009 116 20 5 
The Mill 
  
SN423295 
  
Nant Alltwallis u/s conf with 
Aeron SN4202029454 15/10/2009 98 17 5 
Esgair Uchaf SN806551 Tywi d/s plot SN8050254477 17/04/2009 50 9 4 
Hafdre SN805542 D/S Hafdre SN8051154364 17/09/2009 
Moss 
Only 
Moss 
Only 
Moss 
Only 
Nant y Bai & 
ErwrHych SN782444 Nant y Bai village SN7752544552 17/09/2009 70 10 3 
Nant yr Onen SN765440 Cwmsaeth isaf SN7720343947 17/09/2009 44 9 4 
Nant Lletgwial upstream Irfon SN8579247651 01/10/2009 54 8 5 Dinas Cpt 7 
  
SN851468 
  
Nant Gyrnant upstream Irfon SN8614147523 01/10/2009 82 13 5 
Hen Nant upstream Irfon SN8474852952 17/09/2009 56 8 5 
Irfon downstream Hen Nant SN8479952907 17/09/2009 34 7 1b 
Unnamed Tributary u/s Irfon SN8486052855 17/09/2009 39 8 1b 
Nant Shingi 
  
  
  
SN845525 
  
  
  
Irfon d/s Unnamed Tributary SN8491252852 17/09/2009 26 4 1b 
Ceulan SN855976 Twymyn at Pennant SN8800497709 15/10/2009 51 8 5 
Cae Gwian, 
Barmouth SH644196 Dwynant at Goetre Uchaf SH6404618611 19.10.09 69 11 5 
Maesycilyn, 
Macynlleth SN729973 Llyfnant @ Caerhedyn SN7087097600 15.10.09 79 14 5 
Gribyn CPt 12 SN925936 D/S Gribyn CPT 12 SN9298691742 01/12/2009 114 16 5 
Gribyn Cpt 3 SN919928 D/S Gribyn CPT3 SN9171592262 01/12/2009 50 7 5 
SN994864 Nant Gwidol SH8280100302 1.12.09 
Moss 
only n/a   n/a Coed Gwidol, 
Tal Y Wern 
  SN994864 Nant Gwidol @ Tal Y Wern SH8280100302 1.12.09 
Moss 
only  n/a n/a 
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Plot Data Downstream site data  
Coupe 
Ref Grid Ref Site Name Grid ref 
Sample 
Date 
BMWP 
Score No. of taxa Polln Cat 
19107 SH684301 Eden Pont y Grible SH7083530515 01/12/2009 
M/O M/O M/O 
23225 SH865018 Nant Cwm Bustach,Cwm Bychan Bach SH8520102684 01/12/2009 
M/O M/O M/O 
23416 SH671056 Nant Gwernol d/s Nant Foel Fawr SH6757407051 01/12/2009 
M/O M/O M/O 
26204 SN721826 Nant Cwm-y-graig SN7137381823 11/11/2009 61 8 5 
27304 SN803803 Nant Rhiw'r Oedd SN7981979548 11/11/2009 75 10 5 
27421 SN788763 D/S conf Peirian and Hylles SN7777275132 11/11/2009 71 11 5 
27456 SN775752 D/S Pont Peirian SN7725574001 11/11/2009 100 16 5 
32223 SN588647 Nant Peris SN5875164868 12/11/2009 78 13 5 
32271 SN575651 Afon Peris SN5677666137 12/11/2009 67 9 5 
32490 SN575667 Nant Rhydroser SN5677167599 12/11/2009 81 11 5 
38115 SH956575 Nant Brenig u/s Llyn Brenig SH9621157265 10/11/2009 78 11 5 
39401 SJ018550 A. Corris d/s Confluence SJ0311855962 10/11/2009 101 16 5 
42211 SH965246 D/S Forest SH9641324519 10/11/2009 61 8 5 
43106 SJ046241 D/S Forest SJ0456922809 10/11/2009 74 11 5 
48800 SN840915 E/F site SN8453991585 11/11/2009 82 12 5 
56139 SN474322 Nant Alltwalisd/s plot SN4694633125 09/11/2009 111 18 5 
56542 SN485312 Afon Pib SN4920931338 09/11/2009 97 14 5 
80435 SN903005 Panwaun Pen-y-coetgae south stream SN8947400142 05/11/2009 32 4 3 
    Nant Melyn SN8951900673 05/11/2009 72 10 3 
80542 SS870972 Corrwg Trib SS8637497216 05/11/2009 73 11 3 
80653 SS900985 Nant Allor SS8814399363 05/11/2009 62 9 3 
    Gwynfi SS8947297889 05/11/2009 64 10 3 
49310 SO021767 Cwm Cyncoed upstream Clywedog Brk SO0669871306 12/11/2009 70 11 5 
49706 SO026726 Clywedog Tributary at Lower Cwm Hir SO0406070504 12/11/2009 77 12 5 
49810 SO057723 Cwm Poeth at St. Mary Abbey SO0542671276 12/11/2009 108 17 5 
    Clywedog Brook at Abbey Cwm Hir SO0497370993 12/11/2009 83 13 5 
50124 SO158856 50124 SO1650084900 03/12/2009 81 11 5 
50224 SO196859 50224 SO1990085400 03/12/2009 81 12 5 
50313 SO194834 50313 SO1970083900 03/12/2009 57 11 5 
51370 SO179653 Downstream Cwm y Gyrwyn Forrest SO2001167031 01/10/2009 79 13 5 
77301 ST430953 Castrogi Brook at Lower Lodge ST4400395641 11/11/2009 101 16 5 
77302 ST431948 Nant y Pridd upstream Pandy Farm ST4441394762 11/11/2009 87 14 5 
84103 SS946994 Nant Coedcaetyle Forest above Treherbert SS9407798723 11/11/2009 54 7 5 
    Nant y Ynysfeio at Ynyswen SS9570498170 11/11/2009 57 9 5 
84284 SS911991 Nant y Gwair SS9218598927 05/11/2009 77.00 11 5 
    Nant Berw Wion SS9219998997 05/11/2009 67 9 5 
    Nant y Ychen at Blaencwm SS9193999144 11/11/2009 61 8 5 
    Nant Berw Wion at Blaencwm SS9195299154 11/11/2009 70 10 5 
    Nant y Gwair at Blaencwm SS9207698927 11/11/2009 79 12 5 
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Appendix 21 
 
FCW extensive survey plot spraying times and sample date 
Coupe no. Grid reference Date Sprayed Date Sampled Delay (days) 
19107 SH684301 20.8.09 1.12.09 103 
23225 SH865018 9.4.09 1.12.09 236 
23416 SH671056 22.4.09 1.12.09 223 
26204 SN721826 24.8.09 11.11.09 79 
27304 SN803803 23.4.09 11.11.09 202 
27421 SN788763 25.4.09 11.11.09 200 
27456 SN775752 26.4.09 11.11.09 199 
32223 SN588647 4.9.09 12.11.09 69 
32271 SN575651 4.9.09 12.11.09 69 
32490 SN575667 6.9.09 12.11.09 67 
38115 SH956575 19.8.09 10.11.09 83 
39401 SJ018550 12.5.09 10.11.09 182 
42211 SH965246 24.5.09 10.11.09 170 
43106 SJ046241 15.5.09 10.11.09 179 
48800 SN840915 11.8.09 11.11.09 92 
49310 SO021767 19.8.09 12.11.09 85 
49706 SO026726 19.8.09 12.11.09 85 
49810 SO057723 19.8.09 12.11.09 85 
50124 SO158856 13.9.09 3.12.09 81 
50224 SO196859 13.9.09 3.12.09 81 
50313 SO194834 13.9.09 3.12.09 81 
51370 SO179653 18.8.09 1.10.09 44 
56139 SN474322 6.4.09 9.11.09 217 
56542 SN485312 10.4.09 9.11.09 213 
77301 ST430953 6.5.09 11.11.09 189 
77302 ST431948 12.5.09 11.11.09 183 
80435 SN903005 16.9.09 5.11.09 50 
80542 SS870972 11.9.09 5.11.09 55 
80653 SS900985 2.10.09 5.11.09 34 
84103 SS946994 14.9.09 11.11.09 58 
84284 SS911991 17.9.09 5.11.09 49 
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Appendix 22 
 
 UPM Tilhill extensive plot spraying times and sample dates 
Plot Name NGR 
Date spraying 
completed Sampled Delay 
Bronnant SN610663 11/08/2009 14/10/2009 64
Bryn du Bach SN668524 15/09/2009 14/10/2009 29
Bryn Rhyd SN685522 01/09/2009 14/10/2009 43
Coed Ifan SN823438 24/08/2009 04/09/2009 11
Glynsaer 14/15 SN850424 24/08/2009 04/09/2009 11
Glynsaer 6 SN850423 24/08/2009 04/09/2009 11
Troed Yr Rhiw SN514363 12/08/2009 15/10/2009 64
The Mill SN423295 10/09/2009 15/10/2009 35
Ceulan SN855976 06/09/2009 15/10/2009 39
Dinas Cpt 7 SN851468 22/08/2009 01/10/2009 40
Esgair Uchaf SN806551 17/08/2009 17/09/2009 31
Gribyn CPt 12 SN925936 17/08/2009 01/12/2009 106
Gribyn Cpt 3 SN919928 17/08/2009 01/12/2009 106
Hafdre SN805542 08/08/2009 17/09/2009 40
Nant Shingi SN845525 18/08/2009 17/09/2009 30
Nant y Bai & Erwr Hwch SN782444 27/08/2009 17/09/2009 21
Nant yr Onen SN765440 11/08/2009 17/09/2009 37
Cae Gwian, Barmouth SH644196 18/09/2009 19/10/2009 31
Maesycilyn, Macynlleth SN729973 18/09/2009 15/10/2009 27
Coed Gwidol, Tal y Wern SN864994 21/08/2009 01/12/2009 102
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Appendix 23  
Total area sprayed and amount of cypermethrin product (10% cypermethrin) 
used by forestry from 2004 – 2009. (Information supplied by FCW and UPM 
Tilhill).  Figures given in italics were calculated using a conversion factor 
suggested by UPM Tilhill. 
 
 FCW UPM Tilhill 
Year 
Area 
Sprayed 
(ha) 
Amount 
Used (l) 
Area 
Sprayed 
(ha) 
Amount 
Used (l) 
2004 
2005 
2006 
2007 
858 
1227 
1535 
747 
410 
349 
488 
297 
- 
- 
- 
1540 
145 
124 
368 
770 
2008 1711 761 1080 540 
2009 1051 - 982 491 
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Report from: 
National Centre for Environmental Toxicology, WRc-plc 
Frankland Road, Blagrove, Swindon, Wiltshire, SN5 8YF, UK 
Telephone: + 44 (0)1793 865000 
Direct dial: + 44 (0)1793 86 + Extension 
Fax: + 44 (0)1793 865001  
 
 
To (Organisation): Environment Agency 
 
For Attention of:  
 
From:   
 
NCET Enquiry 
Tel.:   Date: 
30th July 
2010 
No. of pages 
including this 
one: 
5 
 
 
Ref E3772-N735 
 
Review of Report Titled: An Evaluation of the Impact of Cypermethrin Use 
in Forestry on Welsh Streams  
Thank you for your recent enquiry on the above. I understand you would like us to 
provide light touch assurance on the integrity of the report, specifically in its 
experimental design, data analysis and interpretation. The text below details our 
findings.  
 
Aims and Objectives of the Report 
 
The study had four key objectives: 
1. To assess the extent of any surface water pollution from forestry use of 
cypermethrin in Wales. 
2. To assess the degree of any impact on the invertebrate communities of 
watercourses draining forestry areas. 
3. In the event of pollution being detected to establish how cypermethrin came to 
enter watercourses. 
4. To recommend any appropriate changes in forestry management practices 
which could be made in order to reduce the risk of cypermethrin pollution. 
 
Two surveys were undertaken, the Extensive Study that was designed to achieve 
Objectives 1 and 2 and the Intensive Study which was designed to achieve 
Objectives 3 and 4. 
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Experimental Design 
 
Intensive Study 
 
Eight sites were chosen across Wales, the areas were large clear felled areas that 
were restocked with conifers where spraying was going to be carried out in 2009 and 
where the terrain, soil type and other site factors meant that there was a higher than 
normal risk of surface water pollution by cypermethrin (thereby representing a worst-
case scenario). 
 
Of the 8 sites, 4 sites were sprayed at the end of May 2009, 3 sites were sprayed at 
the beginning of June 2009 and 1 site was sprayed in mid September 2009.  
 
Standard 3 minute kick sampling was used for the collection of invertebrates at the 
sites. Biological Monitoring Working Party (BMWP) score and the number of BMWP 
scoring taxa were calculated for each sample. RIVPACS (River InVertebrate 
Prediction And Classification System) was used to predict what species would be 
likely to be present at the site in the absence of environmental stress. Ecological 
Quality Indices (EQIs) were used to categorise the sites into a series of bands.  
 
At each site a minimum of 3 invertebrate samples were taken including, where 
possible, one control upstream, of the plot, one immediately downstream of the plot 
and one further downstream. Samples were taken once prior to spraying, once as 
soon as possible after the first significant rainfall post spraying and once several 
weeks later to assess longer-term affects. 
 
Also, bryophyte samples were collected and water samples were taken. 
 
Reviewer’s comments: 
 
 The site selection meant that worst case sites were being surveyed, 
consequently if no effects and/or cypermethrin were observed then it would be 
appropriate to assume that all other treated sites would be unaffected. However, 
it would have been useful to add in a number of other sites that would be 
perceived of being at less of a risk from the application of cypermethrin for 
comparison. The surrounding terrain will affect the species of aquatic organisms 
found in the watercourse, which could be more or less sensitive to cypermethrin. 
 
 There was a large time gap between the spraying in May/June and mid 
September. 
 
 The use of biological samples is valuable as actual affects can actually be 
observed, opposed to just comparing concentrations in the water to the relevant 
Environmental Quality Standard (EQS). However, there was a large delay in the 
time between the pre-spray sampling and 2nd post-spray sampling e.g. Glasgwm 
was sampled initially 30th April 2009 and the 2nd post-spray sample was carried 
out 17th August 2009. It could be possible that within this time with changing 
rainfall, that the species present could have altered, naturally, and, therefore, 
falsely show as a change in watercourse quality. Also, removing organisms from 
the same area on three separate occasions could deplete the population (if that 
certain taxa were not extensively distributed), which would again show a decline 
in watercourse quality over future sampling events. Other methods such as the 
deployment of sensitive organisms could have provided useful information on the 
pattern of effects of cypermethrin. 
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 The time periods of sampling should have been more clearly defined in 
methodology. The half-life of cypermethrin in river water was stated in the report 
to range from 5-31 days, therefore a sampling regime linked to that would have 
been useful. It was valuable to plan to sample following the first rainfall event, 
however, there was no mention of whether it had recently rained prior to 
spraying, which could have affected the movement of the cypermethrin in soil. 
However, this may be something that is considered by the organisations applying 
the cypermethrin when following best practice. 
 
 The actual dates of sampling were reported in Table 4.1 of the report. These vary 
greatly; it would have been useful to have entered an additional column detailing 
the first rainfall event following the spray date. It was highlighted by the authors 
that due to unreliable information received by the organisations applying the 
cypermethrin the actual dates sampled did not follow the initial plan. However, a 
more uniformed sampling regime would have improved the robustness of the 
study. 
 
Extensive Study 
 
Information on areas to be sprayed was gathered during 2009. Resources were 
insufficient to sample all of sites. Therefore the sites were prioritised according to the 
potential risk of pollution. The criteria for prioritisation included plot size (preference 
for large plots), the steepness (preference for steep slopes) and the proximity of 
water courses (preference for plots in close proximity to watercourses). A total of 51 
plots across Wales were included. 
 
Where possible at least one downstream invertebrate sample was taken at each site. 
However due to the small stream size at the sampling locations this was not always 
possible, Therefore, moss samples were collected. Upstream samples were also 
taken, but it was stated that this was rarely practicable and the results did not add 
anything to the interpretation so they are omitted from the report. Invertebrate 
samples were taken using a 1 minute kick sample and the samples were analysed in 
the field. The analysis looked for key species such as stonefly Leutridae. If the key 
species were observed at a reasonable abundance this was taken to indicate that the 
site was unaffected by cypermethrin pollution. It was stated that this method had 
been used previously in assessing the effects of sheep dips in 2006 and 2008. Due 
to the subjective nature of the analysis any suspected impacts due to forestry use of 
cypermethrin identified using this key were only deemed conclusive if cypermethrin 
was found in associated bryophyte samples. Bryophyte samples were taken at every 
site. 
 
Reviewer’s comments: 
 
 A large number of priority sites were sampled which improved the discriminatory 
nature of the study. 
 
 Again it would of have been useful (if resources had been available) to have 
assessed the variation in the site’s characteristics, then the sites could have been 
grouped into high, medium and low risk areas. 
 
 The invertebrate analysis undertaken at the sites was extremely subjective and 
required a skilled and experienced analyst. Even though this was highlighted by 
the authors and the additional check with the bryophyte was undertaken, it 
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reduced the discriminatory capability of the study. It has been stated the 
cypermethrin has a short half-life 5-31 days in river water, but the half-life in soil 
was not reported. 
 
Data Analysis and Interpretation 
 
Intensive Study 
 
The results at each site were discussed in turn. 
 
Reviewer’s comments: 
 
The results were clearly presented. 
 
Extensive Study 
 
Main results were displayed in the Report Appendix. 
 
It was reported that only 1 site out of the 51 sites samples was observed to have a 
positive result for the presence of cypermethrin in a bryophyte sample. The sample 
was collected on 11th November 2009 and had a cypermethrin concentration of 3.2 
µg/kg. However the follow-up site investigation was not possible due to the time lag 
between sample collection and laboratory analysis. When the site was surveyed for 
invertebrate or bryophyte samples it was 10th March 2010, and no adverse signs 
from cypermethrin pollution were observed. 
 
Appendices 21 and 22 show the delay in days following the spraying and sampling. 
These delays range from 34 to 236 days and 11 and 106 for the FCW plots and the 
UPM Tillhill plots, respectively. It was stated that cypermethrin would degrade to 
undetectable levels in moss samples in a period of 6 to 8 weeks (approximately 42-
60 days). It was stated that over 58% of the samples were taken over 2 months after 
the spraying operations with fewer than 12% of sites sampled within 1 month. Almost 
20% of sites were sampled more than 6 months after spraying when detection of any 
cypermethrin pollution would have been unlikely. 
 
It was also stated that there can be rapid stream re-colonisation rates after 
disturbance due to invertebrate drift, and a previous study found that total numbers of 
individual recovered to previous levels within 30 days. But it was stated by the 
authors of the report that this process would be of limited importance in the sampled 
streams as the streams were small, upland headwaters with low rates of re-
colonisation. However, the authors still concluded that the forest spraying is not a 
source of widespread contamination.  
 
Reviewer’s comments: 
 
 There was clearly an unacceptable delay between the spraying and sampling, 
when considering the half-life of cypermethrin in moss and river water. 
 
 There was also a long delay from finding a positive cypermethrin result and 
surveying for biological effects. 
 
 The sampling regime is probably not robust enough to be able to definitively 
conclude that the use of cypermethrin is not having an adverse effect on aquatic 
life in the area. 
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Overall Conclusions 
 
It was stated that even though current best practice in pesticide spraying was found 
to be largely effective in protecting watercourses, some deficiencies were noted. This 
led to the recommendations that the current guidelines on the use of cypermethrin in 
forestry require tightening to further reduce the risk. It was concluded that the use of 
cypermethrin in forestry is not the source of widespread contamination. 
 
Summary 
 
Overall the experimental design adopted for the intensive and extensive studies was 
appropriate given the available resources. Sampling focussed on high priority (i.e. 
worst case sites) on the basis that an absence of observed effects would mean that 
responses were unlikely in lower priority sites.  However, it is considered that the 
main problem with both studies (intensive and extensive) is the delay and the 
resulting variability in the times between spraying and sampling, which is recognised 
in the report. Even when the results of the studies are combined it is difficult to 
definitively conclude that no adverse effects are occurring.  
 
It should also be recognised that the biological monitoring used can be affected by a 
number of confounding factors (e.g. seasonal changes) which may mean that subtle 
changes induced by cypermethrin exposure may not be detectable. 
 
 
We hope the information provided is of use. However, if you need any other 
information please do not hesitate to contact us. 
 
 
National Centre for Environmental Toxicology 
ncet@wrcplc.co.uk 
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Would you like to find out more about us,  
or about your environment?  
 
Then call us on  
08708 506 506* (Mon-Fri 8-6)  
 
email  
enquiries@environment-agency.gov.uk  
 
or visit our website  
www.environment-agency.gov.uk 
 
incident hotline 0800 80 70 60 (24hrs) 
floodline 0845 988 1188 
 
 
 
* Approximate calls costs: 8p plus 6p per minute (standard landline).  
Please note charges will vary across telephone providers 
 
 
 
 
          Environment first: This publication is printed on paper made from 
          100 per cent previously used waste. By-products from making the 
pulp and paper are used for composting and fertiliser, for making cement 
and for generating energy. 
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